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‘BARGAIN PRICE BECAUSE v 
ef SSS 


HYDROPONICS DO YOU GROW YOUR OWN? 


VWiohave a full colour hE na ee ee 
Duterte. fittings, enniromental control, ght fitings 
WINDOWSS 95 CDs suppfed wen Hewet Paca PC shese 
CDs have a2 the window faes ci INED and were menca fo te used 10 
estore avidaws Gt 2 PO shar a crash ets ES REP SHE 

SATELLITE MODULATOR MODULES prices trom 
just 9p Surface mount meguiars BO componergs Fetedwihan F 
tye Connector SC a uti type connector Pack ct 103 £& SA ref SSID 


PROJECTBOXES 


Anche papan tte you ere these. smart ABS el Does sma Two 
DEE screw logethes Gase Teast 3DOEUX Ev: ampe win 


‘pane mourtea LED (read) you wal ire ees of free tuts tace nests 


metos chs resstors transctiors ei? Pack of 20 218 55 ref MIZ 
REMOTE HEATING CONTROLLERS WITH 30A 
MAINS RELAY Sam jst Gop These ants sere ZE tó te 
piged cto atexepnone socket You then cased Ine ptore anc seme 
thew tured getest on Eacn box zem its of bts searing a 
mara SGA reis: paca of Z0 £20 ret SSM 

sTALKING COINBOXES res from jst £5 These uts 
ETE ma3sto conver egnderdTesephones eto bay Phones comets 
wih Comvsxt zssc—baes anis ves tc OFFERED TO YCREAT A 
SED THE SPACE: Pack ol 10255 


AC MOTOR BONANZA! prices from just Së — ae 
fave pes and plcs 2 these Dd new maed motors wos we Feed 
to Clear wi bak = náiculous Gel Pack of 50 for £50 ref S813 
PIR CAMERA. in COTY camera Loge cuit; R 
Sto bot PIR detector and cattery Dan Desgned to ‘squat 
tures Oown the ‘phone ite tat works vi zz: 3 statione unt 
aan once £49.55 mf SSRt 30 more itt 65r SSEO These writs 
arebrand e modes desoot315rke pebres ofsrtnuce-: aratren 
verso’ Ine pctures Goan tne texezncoe 50e The PIR Gates tre 
vender fres te strate ight ites ensures 3 pata parzure eec mn total 
3amess The ponse s sereta memory esae the moose ana men 
tent by moder (net inciude) Own the tecphone e. The units aso 
have E TACS battery pack modded presumably to MASZAT opecationm 
the vere of rars power i3 ce. Qipa from ine camera s stancant 
Dud cotooste Li pues wih 3 9355 degree fex of vew tre 
DEUE gaatzy is excpaent Each PR aiso contzaras 3 video capture 2nd 
cormzressaon und The rira red svote ras a range of Vim The pr nes 
Arte ol 12m Power requreverts sio 12v dz TA. Power supo es 
aiit al £5 rel So) The units xe suppéed with connection det zii 
ef Cut ee Go nat have any information on useg the comcressoe and 
capture unit or eterfacng in modems etre The unts oc have onere 
FAR e See and carnera s (camera s EACS end gaws out Standard 
composte $v p-p voec) how you tart these lo werk tcgerher is entre! y 
(rte poulRetad once for the units «as ri excess OF £206 esch sale 


due £55 Set Së Powe: Surphes £5 ref 3580 


TELEPHONES «cta weexs stg desvery o'telepnones. 
Ri Davi new anc bowed Two meme construcbon wth the frZcwng 
‘atures. iduminated keypad: love or pose (ewzznabis) reza: recat 
c pause hgtiow arg of moos svatch sod Qual'dy constuction. 
Legd n e smart of wn*e colour and s supmed win 3 anced 
äre ix (same as US or rade) f you ws to fane a BT 
ka apples to conven the pones these are SES aaie st $1 55 
echte SILX Phones £4.99 each ref PH2 10 off £30 ref $52 
3HP MAINS MOTORS se prase 242v brand new 2 
poe il dex. 2650 mra. buitin automstice reset merad rg 


BUILD YOU OWN WINDFARM FROM SCRAP 
Tew patíbaton ges step by step guide to turg wind generat ege 
Droe Armed with tres Daten and 3$ good cz; screp ya 
tOUld Moke you set sffioert 9 eecmcr £12 ret LOTS1 

CHIEFTANTANK DOUBLE LASERS9 WATT«3 


WATT*LASER OPTICS coute scectestze tees kiara 
long fange com vnurecatons at Double team unts desqgord tg l4 nine 
gu os TH Of a tank exch ure hes t Semi CO 1352s and moto 
Cree units for signémert 7 me ranae no cout dagrams des to 
HOD new pce £50,000? es? £199 Esch uri fas wo gas 
AcsenGe neeten laters: 1 Swat 1 2 war Bn uazogeent 

Zë: Site puce frequency The unte Sagan an eactrans 
tect*er ta Getect reeche sonals from tapats £199 Ret LOT= 
MAGNETIC CREDIT CARD READERS AND 
ENCODING MANUAL £9.55 Casea wh Myicsas oeszced 53 
EA Standard crect caras! corciete with control exrrora-s PCA and 
TAL) CONST AY EN thang you Could wert tc iow at whats aen 
tss magnebe sins on your card! pst i$ 95 ref BASSI 
HIPOWER ZENON VARIABLE STROBES use» 

y PCS fated wilh ra power &trobie tube and corte: exerccscs An 

Rz comrol omtentometer Perec: far mierestna rees ml 
"ren 12v operation: £6 ea ret FLS), pack at 10 £23 vei LS? 
CENTRAL POINT PC TOOLS Awari wrong sowara 
ài SOO wrus checker, memory Oger choo ogtense:, fie coroores sion 
Ka al formating, Gau sched.fe!, Osx cetagmorter undstete 4 
canos Dose osc EHO, over i) VESE remate comping 
paseeccdprutection encryptiei zompahenee marus! suscted ets 
ER re kx OF SS cesis £10 ref LOTO? 
VIDEO PROCESSOR UNITS?/6v 10AH BATTS! 
24V 8A TX Not De swe west roe function d these unts s bt they 
TETTEY TEE A sirogers! Measures ZC KEN Leen os the 
hors are COAs Kx scan speed scan delay scan mete Wars of 
commectons on fhe reat inside 2 x 9x 10471 sealed fex? and catis 
FEU rd BEA? ite ansam (eege scd xs seen may 
Aave one or two LCE Woes Ett Ge 10 poor Storage £15 So ter 92 
DIFFERENTIAL THERMOSTAT KIT eet ‘x 
hestrecceecy soar systems Dier Eeer et Tao sersors wl 
Gosete s rekry when 3 formo affgrerce (acustatse s cotectey AY 
cogor and poo £25 ne^ LOTS m 

SOLAR WATER KEATING PLANS £6 REF SOLP 

PC POWER SUPPLIES PACK OF 8 £9.95 

Thats nght! B power supplies tor £9.95! These are ati fan 
cooled (usually 12v) out choice of specs etc, and are-scid 
Ss seen Eut worth it for the fans alone! ref XX17 


COLOUR CCTV VIDEO 
CAMERAS From £99 


Works with mostmodem video's, TV's, Composite mónitors, 
video grabber cards. Pal, 1v P-P, composite. 750hm, 1/37 
CCD, 4mm F2.8, 500x582. 12vdc, mounting bracket, auto 
Shutter, 100x50x180mm, 3 months warranty,f aíf.price 
£119 ref XEF150, 10 or more ES9 ea 160+ £89 


We get over 5,000 
hits a day..... 


check us out! 
http://www.bullnet.co.uk 


SMOKE ALARMS mars cowerea mace ty ine famouse 
Gectcomcany ezsyfareitintgtáttino- mcer pori Paaa 
tef SS23 pacx of 12 £34 re SS24 

4AH D SIZE NICADS pack of 4£10 ref 4AHPK 
ELECTRIC FENCE KIT Sierning you ces to buid à 
f2vac esctreferce Complete with 209m of farce wire £49 TEE AR? 
SENDER KIT cavers 2) corgenceesto puts 2 A/V rensie 
compare win ese £55 ref VSXUC. 

33 KILO LIFT MAGNE Trestin samme 15:535 
10 WATT SOLAR PANEL Amexmneus sison Ganertoei 
we 2 EE slim ram frama Pane measures Y iy V wen screw 
ternas for easy cometen Y x solar panel £55 ref MAGS 
Unframed 4 pack (3'x1) £58.99 ref SOLX 

12V SOLAR POWERED WATER PUMP se 
Er marry 12« DC uses tangri trom soar foentastis to rte 
Smet ard Comoact yet powerhg works direct from ar 10 wan solar 
parsi in Deght sun Max hg 7 8 Max few = 8tom 3 5A Ref ACS 
£153% 

SOLAR ENERGY BANK KIT 50x 6x12” 6v solar 
panels(amorphous)+50 dlodes £99 ref EF112 
PINHOLE CAMERA MODULE WITH AUDIO! 
Seem mwan canes win cn DIAY sound! exu San pret Zim 
mucus [moving magccnoce] Seal Sr ecvert sutvedance Can te 
hgden nse anythung , Hes a Matcha Carpe wih 15 metre 
cares psu sna tier ornnes £43.46 ref OCHS 

SOLAR MOTORS tiny óc which nia quie kapay on 
watages from2-12wóc Vios cn or Gy acorpres S pareis ard 
you can nat them fiom The san! Nmn a3 20men thx. £1 50 esc 
WALKIE TALKIES 1 MILE RANGE £37/PAIR REF MAG30 
LIQUID CRYSTAL DISPLAYS Bargain prices, 
ZO character 2 line, Bäim £3 95 rei SMC2024A 

1B character 4 ine, 62x25 mm £5.99 ref SMCIBSOA 

30 character 1 Ime 154x16mm £5.60 ref SMCADT1A 
LM258X HITACH! LAPTOP SCREENS 240«100rmm 
6401200 deis. New with data £15 ref LM2 


SEALED LEAD ACID BATTERIES 
12V 7AH, S/'HAND 


PACK OF 4 £10 REF XX1 
YOUR HOME COULD BE SELF SUFFICENT 


IN ELECTRICITY Goen pans win nans of info 
on Gesignaig sysieme, panes, conto sectrones ec £7 rei Pvt 


REGISTER FOR OUR 
ELECTRONIC NEWSLETTERS 
BULL-ELECTRICAL.COM 


BULL ELECTRICAL 


250 PORTLAND ROAD, HOVE, SUSSEX. 
BN3 SQT. (ESTABLISHED 50 YEARS). 
1AIL ORDER TERMS: CASH, PO OR CHEQUE 
WITH ORDER PLUS £4.00 P&P PLUS VAT. 
24 HOUR SERVICE £6.50 PLUS VAT. 
Qo OVERSEAS ORDERS AT COST PLUS £5.50 
(ACCESS, VISA, SWITCH. AMERICAN EXPRESS) 


'phone orders : 01273 203500 


: FAX Ut273 323077 
Sales@bull-electrical.com 


200 WATT INVERTERS pigs seer eim yas car 
cgarette lighter socat arg Tel wih è 334 socket sa you can nin 
you FE CEET danset um yeur ea batay £45 5 rg SE 
THE TRUTH MACHINE Tess ^ soree s ; 0g by mem 
VETS "PE weg Deter coereted oke Der Ale 
aod onthe proe and TV as wet 253 45 rel 1D 

INFRA RED FILM & scure nace of estie trae fam treat. 
wid omty atgw Ir intro Perc ier comeriing ordzary rnes, 
ighis niextigris etc To cra edog oO Weng stanged ig Bubs: 
Ease, tutto shape C square £15 ret IRF 

HYDROGEN FUEL CELL E er unge 
Oniydin zen Strae ard production Pran: 

fost oes (good twerxe=e facetus. : Vie ry ed, FCPi 
STIRLING ENGINE PLANS tetece: EE 
Covéeng 39 aspects of String engnes guttures of nome mza 


agnes mass from an aerosol can ream on 2 caret £12 ret STIR? 


ENERGY SAVER PLUGS sae: u n 15% ecctret; 
wht sed wit reg motors upto?4 wg-1bucs cotter von er 
ES esr LOFI Drescher —— 

12V OPERATED SMOKE BOMBS rye 231% 
mo and ismoecametens scchcanrste: wifi ramm aa very. 
Shoal space nice 215 rel SE3 Tyne 2:5 20 75: con ns 
(stane Ko senutated equptert tres etc) and 3 0 99er mone tx 
En Type 1 5 432v traper ati 23) lap cannas £45 cel 


Hi POWER ZENON VARIABLE STROBESus; 
Vav PCE fated wan fe power strote tice anc contr PIOUS end 
azerd conira pescnnome:se Feel for cieest BIBT £c 
Zeen tad: cceraton £6 ea ret FLS? pack of 10043 ne FLS? 
NEW LASER POINTERS 5 5xw (ëmer rege rana 
Tei und nues gr bea AA bananes (surgian) ren €29re! DECAS ; 
HOWTO PRODUCE35 BOTTLES OF WHISKY 
FROM A SACK OF POTATOES zac 276 


page mack cass a ascects of suet Goin fom Guer 
TAESTE Moge GEET 35525 of ernple slits £32 ret WSS 
NEW HIGH POWER MINI BUG vae œ upio 
GOO metres 2724 2 3 days use homa FPS thet i dr 60 seing Gus! 
Jess than  squa tangs Q0 mnvocenomeracge r28RELOTNS 
IR LAMP KIT Saate cc oct, cameras rabies the caes 
to be used wi tots ec) ££ ra! EF 138 

INFRA RED POWERBEAM sni tattexy poreze 
BTR Amon efectos Grist o£ cowerhid mse e nreg ight! pecect for 
CETV use ngisis etc 028 rel ar 

SUPER WIDEBAND RADAR DETECTOR cea 
beth ace Ser Gre peel sjesicarass ana Wpown 
speed Ceteciign systems 360 sagres caverage tronté 
BEATON tT Yx2 7 Hr fasion veo Chase E HS 
LOPTX nase vy Sarsung'te Cond TV £3 each ret S825 
LAPTOP LCD SCREENS Zap "Zenn £12 set SSE) 
WANT TO MAKE SOME MONEY? STUCK 


FOR AN IDEA? we rave constr 140 boscessmooas Tt 
ge you «^ormaron on semna up aeter busnesses you peruse 
these? your ere ux the Imt eite cn yos PE Aortic s 
the cenfcate erani you toren ocu (aim) ee?) tre manuats aï 
mach as you «e! Eti re! ERTS 


-HIGH POWER DC MOTORS, PERMANENT 


MAGNET 12 -24y ocereon. peonatiy ano 1M. "verse none 
tocymessures (Dans PS wan a Gleam x Ses wapa shaft wih a 
marmessor Reng 3 scpeusng the two threaded Eos EE, 
Drei fram the toe E? net POT 

INFRA RED REMOTE CONTROLS mso: &x TVs 


Dus way have oer uses Tack cf 110) £39 red Kach 
" nos 


Online 


web catalogue 
bull-electrical.com 


ELECTRONIC SPEED CONTROLLER KIT — 
the abne rotor s £35 ret MAGI? Saec IS f yo bar them both 
together: 1 moto pius speed orbe: rp £5$ Ger pce ESE ref 
MOTARA 

SONY STEREO TV CHASSIS sss e co 6 


comets DN EC Bear Aber and sca cas hem Seo mov — 


E3x4 Appear to b= v^osed oul ec as scc" fouls probat De good 
Ter spares of 35 2 Nicam stereo TV sound recever end ampttes, 
Fx RVI ul and "V2 USE E30) "CB ros VERT A 
1-659826. 14. 1711-00-31 £70 re? STV 1 
RCB UNITS inline IEC lead with fitted RC 
breaker. Installed in seconds. 

Pack of 3 £9.98 ref LOTSA 


RADIO CONTROLLED CARS ete. An sees ez 
Koa Stross Kr SENO EMOS And EENES Soe paretur 
raed types £3 each ref ROC 

VOICE CHANGERS ro cre Q inese units Jer your 
Co eg SCONES on 


ra vot Eerst 

LOW COST CORDLESS MIC sor ange t0. osos 
135g 153 2€ x Serm, Sy P973 tattery requeed E17 re! MAGIEF 1 
AUTO SUNCHARGER imams canes versos 
and 3 metre €x fred win Sek Ga 12v Zewen £1259 REF 
AUG TOR? 

SOLAR POWER LAB SPECIAL 2:&c & rA 
wets, ALPS wre Duzer Sach, trea cmo ETS9RECSAOT 
SOLAR NICAD CHARGERS : » ea exe £940 cel 
PLG 31 C sus Pa za rz EPATT 

5.25" FLOPPY DISKS. ax 7 six ases £5 Ey 
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Projects and Circuits 


CLIPPING VIDEO FADER by Robert Penfold 404 
The first in a new series of Starter Projects — add a simple fading facility, 
to your camcorder/TV link 


INGENUITY UNLIMITED hosted by Alan Winstanley 412 
Car Auxiliary Power Protection; Metal Detector Adaptor; Alarm Add-On 

PC AUDIO FREQUENCY METER by Robert Penfold 420 
Use your PC's bidirectional printer port to monitor frequencies up to:32kHz 
MUSICAL SUNDIAL by John Becker p 431 


When the sun has got his hat off (hip-hip-hip-hooray) there's no shadow 
of doubt you'll find fun with our musical garden gnomon! 


PIC TOOLKIT MK2 - 2 by John Becker 458 
Concluding with detailed discussions of the many Software:options 
offered by this sophisticated PIC 'F87x and *x84 programmer 


Series and ‘Features 


NEW TECHNOLOGY UPDATE by Ian Poole | 411 
Innovative encapsulation heralds even smaller i.c, packages 

ALAN DOWER BLUMILEIN by Barrie Blake-Coleman 414 
An unsung genius who greatly influenced the development oi 

20th century electronics 

INTERFACE by Robert Penfold 428 
Using Delphi to visually program your PC as a virtual meter 

CIRCUIT SURGERY by Alan Winstanley and lan Bell 440 


More on Current Sources; Current Mirrors; Solder Joint Protection; 
Etching and Electroplating 


EDISON 3 REVIEW by Robert Penfold 447 
Taking a close-up look at an upgraded circuit simulation and analysis program 


PhizzyB COMPUTERS - 8 by Clive “Max” Maxfield and Alvin Brown 450 
And now the (random) end is here, let us say (not in a shy way). they did 
‘it their way - and you've been PhizzyBly moved by it, haven't you! e 


NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 468 
Melissa’s Mayhem; Cool Talk; Updates 


wu A E /Cegulars and Services 


EDITORIAL 403 
NEWS - Barry Fox highlights technology's leading edge 407 
Plus everyday news from the world of electronics 
SPECIAL OFFER A.S.A. Profile Security Camera kit 419 
READOUT John Becker addresses general paints arising -426 
SHOPTALK with David Barrington . 430 
The essential guide to component buying for EPE projects 
CD-ROMS FOR ELECTRONICS 444 
Parts Gallery + Electronic Circuits and Camponents; Digital Electronics; 
Analogue Electronics; plus PlCtutor, plus Modular Circuit Design 
BACK ISSUES Did you miss these? 456 
DIRECT BOOK-SERVICE 464 
A wide range of technical books available by mail order 
© Wimborne Publishing Ltd 1999. Copyright in alt ELECTRONICS VIDEOS Our range of educational videos 467 
drawings, photographs and articles published PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 469 


‘In EVERYDAY PRACTICAL ELECTRONICS/ETI is inr CBE ` EPE enttware 
tully protected, and reproduction or imitations In PCBs for EPE projects, plus EPE software 


whole or In part are expressly forbidden. ADVERTISERS INDEX 472 


Our July '99 issue will be published on Friday, Readers Services 9 Editorial and Advertisement Departments 403 
“4 June 1999. See page 395 for details. 
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"Surplus always || 
| wanted.tor cash | 


Converts your colour montior Into a QUALITY COLOUR TII 


Tra TELEBOX is an attractive fully cased mains powered unit, con 
taining all electronics ready to plug into a host of video monitors 
- by makers such as MICRO C, ATARI, SANYO, SONY, 
MMODORE, PHILIPS, TATUNG, ete. Tha composta 
Veo Cutput will alto pog into most video recocdars, Bras 
reception of TV channels not normalty receivable on most tele 
sion rocelvors* (TCLEBOX MS). Push bution controls on the front 
panel alow recection ol B fully tuneabie ‘off air UHF colour tslavisica 
channels. TELEBOX MB covers virtually aff talavision frequencias 
VHF and UHF including tho HYPERBAND as used by most cabio 
TV oparators. A composite video is located on fna rear panat 
for direct connection t6 most makss ol monzer or desktop computer 
video systems. For complote com ity - even for monitors wih- 
rig sound - en integral 4 watt autho amplifier and low laval Hi Fi 
KO cuted are provided as standard. 
TELEBOX ST for SE video input typa monitors 
TELEBOX STL és ST but fated with ral speaker £39.50 
TELEBOX HB Muhband VHE/UHF/Ca! EE tunar £69.95 
For overseas PAL versions state 5.5 or 6 mH2 sound specification. 
“For eee / ond MM signal reception Teiébox MB should be con- 
nected jo a cebe type service. Shipping on all Tefeboxe's, code (B) 


— of the art PAL (UK spec) UHF TV tuner module 
wah composito 1V po video A AM hi fi stereo sound 
Outputs. Micro olectronics all on ong small PCB only 73 x 
160 x &2 mm ye Mr software control via a simple 2 wire link 
to any IBM ty ar, Supplied competa wah al EES gong 
bir cs rec MUR. Requiras «12V & + 5V 
RAND HEW - Order as MYOO. Only £49.95 code ( (8 


cre) purchases of standard EM and äer drives enabies us Io 

^t prime product at industry beating low prices] AN units (uniess 
aed) are BRAND NEW c: romoved from Chen bEcend new egui 
ment and aro uly tested, aligned and shipped to you with a full S0 
Cay Qu&rantae. Call for over 2000 unlstad drives for spares ot d 


IH Panasonic JU363/4 720K ox equivalent RFE £24. 
J4" Mitsubishi MF355C-L. 1.4 Mag. Laptops only £25, 8 
34° Mitsublahl MF355C-D. 1.4 SE on aooe. EM B 
55* Teac FD-SSGFR 1.2 on IBM pe's) 25 
bar Teac FD-5SF-03-U SO (for BBC's etc) RFE 629. 

S4" BRAND NEW Mitaubishi Mi MF501B 360K £22. 
Tabie Icp casa with integral PSU for HH SM: Fiopp or HD £29.95 8 
8° Shugart 600/801 8" SS refurbished 4 tested £210. 

8" Shugart 810 8' SS HH Brand New £195.00(E 
E" Shugart 651 8' double sided refurbished & tasted £260.00/E 
8° Mitsubishi M289-1-63 double sidad NEW £295.00 


8* Mitsubishi M2895-53-02U OS simlina NEW HR 
Dual 8* cased drives with integral power supply 2 Mb £199.00(E 
7A" TOSHIBA.(19 mm H Tm MK2101MAN 2.15 Gb. New £199.00 


2X" TOSH.(12 5 mm 


MK1002MAY 1.1 Gb laptop. Mew | £115.00 
24" to 344" Conversion 


it for Des, con te wah connectors EE 


3%" FUJI FK-309-26 20mb MFM UF RFE 9.95 
SC CONNER C£ 3024 20 mb IDE Y VF (or equiv.) RFE £59.95 
3h" CONNER CP3244 40mb IDE UF (or equiv.) RFE £69.00 
3H" RODIME RO3057S 4&mb SCS) UF (Mac & Acom) £69.00 
Gs QUANTUM 405 Prodslva 42mb M td New RFE £49.00 
D WESTERN DIGITAL 850mb IDE LE Ne 185.00 
3%! MINISCRIBE 3425 20mb MEM LE i sau ) RFE £49.55 
5W' SEAGATE ST-238R 30 mb ALL £59.95 
5M" COC 94205-51 40mb HH MEM UF RPE pem £59.95 
5X' HP 97548 B50 Mo SCS! RFE tested £93.00 
5%" HP C3010 2 Gbyte SCSI diffarential RFE tested £195.00 
8 NEC D2246 85 Mo SMD intortace. Naw 99. 
8’ FUJITSU M2322K 160Mb SMD UF RFE tested Le? 


8 FUJITSU 142392K 2 G5 SMD UVF RFE tested 
Many oiher drives In stock - Shlipping on all drives !s may (0) 


MITS. 24 FAMASETKL 14° Industrial spec SVGA mengen £245 ` 
IW to 400 kW - 400 Hz 3 phase power sources - ex stock £POA 
on 5230 Type 1, Token ring base unà driver one 


Latz Kerr RAZ00 Audio irecpaancy response analyser 


S3F5501 Token Ring ICS 20 pon bba modules £750 
IBM MAU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low csterion Osciiator SHz to moire IEEE £550 
ALLGON 8360.1 1605-1880 MHz hybrid powar ze 


Trend OSA 274 Data Analyser with G703/2M4) 64 vo 
Merconl 6310 Pr ammabia 21022 GHz sweep gensratcr £6500 
Marcon! 2022C 1 2- M2- 1GH2 RF SS nal generator £1550 
Marconi 2030 opt 03 10KHz-1.3 GHz signal generator, New pu 
HP1850B Logic Analyser £3750 


HP3781A Pattern ganorator & HP3782A Erro; Daaczcr £POA 
A Dua! Programmable GPIB PSU 0-7 V 160 watts “£1800 
P6284 Rack mount variabile 0-Z0V Q 20A metered PSU £675 
Delt DC to 22 GHz four channe! test set POA 
HP8130A opt 020 300 MHz pulsa genaralcr, GPIB ete £8500 
HP A1, AO 8 pan HPGL high s; drum Fer + from £950 
ia Ens Pc 1200 compudetised Kispecton 5 EPOA 
w Mod 1 computerised inspection system 
DXC-3000A High CCD colour TV camera £1100 
Fa yi 590 CV capacitor / voltage analyser .£POA 
Racal ICR40 dual 40 channel voice recorda: system £3750 
Fiskore 45KVA 3 ph On Line UPS - New batteries £5500 
ICI RE030UV34 Cleaning ultrasonic cleaning system £POA 
Mann Tally MT645 High speed lina printer 
SI SBC 486/133SE Muxibus 486 system. 8Mb Ram £945 


Siemans K4400 G4Kb to (ADM demux analyter 


THE ORIGINAL SURPLUS WONDERLAND! 


THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 


OBSOLETE - SHORT SUPPLY - BULK 


6,000,000 items EX STOCK 


Fer MAJOR SAVINGS - CALL OR BEE OUR WEBSITE 


One of the highest specification 
monitors you will ever see - 
At this price - Don't miss it!! 


dees 14 SVGA Multisyne colour mortor with fine 
28 dot piich toe and resot.tcn of 1024 x 788 A 
` sociation, Fuly guaranteed, supplied in EXCEL- 


used Grën, 
TR & Swivel Baso £475 Only £119 e vi, 
VGA cabis for BM PC y ud SEN 
Extamai cables for other types of computers CALL 


As Now - Ex Demo 
17° 0.28 SVGA Mitsubishi Diamond Pro monitors 
Full multisync etc. Full 90 day guarantee. £325.00 (E) 


Just In - Microvitac 20° VGA (600 x 800 res.) colour monitors. 
Good SH condition - from £299 - CALL for Info 


PHILIPS HCS35 (same repe as CM&833) attractively styiad 14° 
coour monitor GB and standard composito 15.625 
Khz video Inputs via Do ART sockat and separata phono jacks. 
Integral audio powar amp and spaakor for all audio visual uses. 
Will connect direct io Amiga and Atari BEC computers. Ideal for af 
video monitoring / security appscations with direct connection 
to most colour cameras. Hy: OPEN ity with many featuras such as 
boot See es e: CR correction button etc. Good 
ted - guaranteed 

Dimensions: WH" x HT23* x 1894" D. Only £99 ., 
PHILIPS HCS31 U&ra compact 9* colcur video monitor with stan- 
dard composite 15.625 Khz video input via SCART socket Ideal 
for all monitoring / security applications. High r ex. 

fully tasted & guaranteed (possible minor screan bums). in attrac- 
live square txack plastic caso measuring W10" x H10* x 13H" D. 


240 V AC mains powered. Only €79.00 (D) 
KME 10° 154410009 high definition colour monitors vith 0.28* dot 


pitch. Superb pili and moderm styling. 
Operates from sync RGB video 
source, with AG ae and composite sync 
such as Atari, Commodare Amiga, Acorn 
Archimedes & BBC. Measures onty 134" x 12* x 
11*. Good used condition. Only £125 (E) 


20" 22" and 26" AV SPECIALS 
Superbly made UK manufactura. Pil aH sod state colour montos, 
completa wih composita video A optional sound input. Attractive 
leak aye case. Perfect for Schocis, Shops, Disco, Clubs, etc.ln 
EXCELLENT little usad condition with full 90 day guarantee. 


20"...££135  22"...£155 26"..£185(» 


Puppy Y avery dd SE of power 
ply you can agine d.Over 
doo Power Supp os Ex Stock 
Call or sog our web sito. 


ays over 1000 PC's from stock. 
0O00's of spares and accessories. 
Call or see our web alte for info. 


intel SBC 486/125C08 Enhanced Muttibus (MSA) NEW £1450 
Zata 3220-05 AD 4 pen HPGL fast drum plotters £1150 
Nikon HFX-11 (Ephiphot) e ute control unit £1450 


Motorols VME Bus Boards & Components List. SAE / CALL EPOA 


Trio 0-18 vde linear, matesed 30 amp bench PSU. New £550 
Fujitsu M3041R 600 LPM band painter £1950 
Fujitsu M3041D 600 LEM printer with network interface £1250 
Perkin Elmar 2598 Infrared spectrophotometer A £500 
Parkin Elmer 597 Infrared so tometer £3500 
NG Eloctronies 1035 TELETEXT ing Margin Meter £3750 


LightBand 60 output high spec 2u rack mount Video VDA's £495 
SR SD 156H 18 channa! grnal Hybrid chan recerdar £1095 
Taytor Hobson Taltysurl amp'fier / recordar £750 


ADC DC S8200 Carbon dioxide gas datacior / monitor £1450 
tom do ee PAL waveform moniter k £485 
ANRITSU MSSeDTGI OS TT mee E 
uM optica! spectrum analyzer 
ANRITSU ML93A | power mater ^ £990 
E E 
ascopic microscope 1 
DAS FTDZ Dual sound unit £650 


RAS SBUF-E1 Vision modulator £775 
WILTRON 66308 12.4 / 20GHz RF sweep Qonorator £5750 
TEK 2445 150 MHz 4 trace £125 


TEK 2465 300 Mhz 300 MHz tee ooe rack mount 


£1955 
TEK 1502 Portablo TDR (tima domain raflectometar) £600 
PHILIPS PW173010 XRAY generator with accessories £POA 
CLAUDE LYONS 12A 240V Sint single phase auto. vou. rags ee 


CLAUDE LYONS 100A 240/415V 3 phate auto. vol regs 


equipment M 


Surplus always 
wanted for cash! 


Superb quallty 6 foot 40U 
Virtually New, Ultra Smart 


Less han Half Pricel 

19° rack cabinets mado in UK by 
nelosuros. Ltd. Unils feature 
Xockab!s front door, 


and Leer removable sida panels. Fully 
adjustabia intemal fuing struts. ready 
fo: any configuration of equipment mounting 
plus ready mounted integral 12 way 13 amp 
‘ Socket sw*chad mains datrbutica € strip make 
these racks some of tha mos? vorsallia wo 
have Ponty ei SE may be A redd ur tit weem 
tequire two $id6 panes to stand singly or in mu ys. 
Overall dimensions are: 774" H x 329" Bx 22° W. Order Ba: 
OPT Rack 1 Complete with remavab's side pansis. £345.00 (G) 
OPT Reck 2 Bach Less sida panels £245.00 (G} 


Made by Eurocratt Enclosures Ltd to the highes! pomis spec, 
‘designar style" smoked acrylic front panel to 
(oxtras available) ate pre Eug (ener 1 
lop and sida louvres. The top panel may be removed for fati 
d at LESS than a third make. are price ll 


rack fealures-all steci construction with removable 

sida, front and back Front and back doors are 

EC status indicators to be seen through tha 

para y yet remain unobtrusive. Intemally tha rack 
ature 

‘cage nuts’. A mains distribution panai intemak 

ly mounted to the bottom raa:, prowdes B x IEC 3 

ot Integral fans to the sub piata etc. Other loatures Include: fitt 

castors and floor leweless, propunched utiy pane! at lower rear tor 

A SEC buy at only £245.00 vw 

42U version of the above only £345 - CALL 


S 
H 
x 
Se 


GO VHECHETPEUPEETI, / 


H 
= 
Š 
ES 


hinged for easy access and ail are lockable with 
five sacura 5 lever barrel locks. The fro! door Es 
is constructed of double walled steel wilh a 
s fully sote? reinforced vertical Leg | 

members {0 tako tho heaviast of 19" rac i 
equipment. The two movable vertical fi struts 

pin Euro sockets and 1 x 13 amp 3 pin switched 
Pally socket. Overall ventilation Is provided by ~ 

jouvered back door and doubla skinnad top section 
cable / connactor access etc. Suppied in excellant, slightly used 
condition with kays. CASUM Ro N SE FX dimensions 
pula aay x 603 W.(64" D x 238° v 


A special buk purchase from a cancelled ex order f brings vs 

tha most ng savings on these ultra hi See 12v DC M Ah 
rechatosabla batteries. Made by Hawker Energy Ltd, type SBS15 
featuring pure laad plates which offer a far superior she & guaran- 


teed] 15 SL ear service Me Fully BT & BS6290 approved. S 
EW and boxed. Dimensions 200 wide, 137 , 77 
Me bo Se tarminals. Fuly guaranteed. Cant makers aver £70 


*s|Our Price £35 each «s or 4 for £99 p 


Save ££££'8 by choosing your next relay from our Mass 
stocks covaring types such as - Afiiitary, Octal, Cradle, 
Hormotícally Seated, Contactors, Tima Delay, Reod, Mercui 
Wattad, Softd Stato, Printed Circuit Mounting, CALL US wir 
YOUR NEEDS. Many obsolato types from stock. Save £tfE£'s 


INTEL ‘ABOVE: Memory Expanalon Board. Fulk length PCXT 
and PC-AT compatib!s card with 2 Mbytes ol Memory a en 
Card is fully seiectab!a for or Extended (2 Aena 
a above) memory. Full date and driver disks euo di RFE. 
E and tead. Windows Papa 9.95 
Hs length 8 bit momory upgrade cards fo PC AT XT expands 
memory either 256k Bod RUE &4k Deeg MM pst be used lo fit 
in RAM above 640k DOS 


Ordar a8: XT RAH UG. Gd Gi "85 or S 12k t £39.95 
SIMM c 
1MB x9 SIMM 9 ch 12065 Only X £8.50 
1MBx9 SIMM 3 cho BO ns £1 0.50 ^or 70ans £11.95 
1HBx9 SIMM S9 chpB&Ons £10.50 or rous £11.75 
4 MB 70 ns 72 pin SIM -with parity- Only £35.00 
X33 CPU £19.05 INTEL 4860: 9. 


456-D. 
FULL RANGE OF CO-PROCESSORS EX STOCK - CALL FOR Eer 
MOTOROLA 25 Mhz 68040 (XC66040RC25M) CPU'S £59.00 
-Shipping chargas for RAM / CPU upgrades is code B 


NT4 WorkStation, complete with service pack 3 
and licence - 5 QEM pa ackagad. 

Specia price, ONLY £99.00 
Microsoft - Windows for Workgroups 3.11 A DOS 6.22. Suppiied 
on 3A' deks with lcenca & concise documentation. 85 
DOS 5.0 on 3%* disks with concisa books cw QBasic . £14.95 
Wordperfect 6 for DOS supphed on 344" disks with manual £24.95 


shipping charges for software is coda B 


DISTEL on the web II - Over 16,000,000 Items from stock - www.distel.co.uk 


Dapt PE, 32 Biggin Way 
Uppar Norwood 
LONDON SE1$ 3XF 


Ai pres ier UK Mara UK comas add 17.5% VAT 1o TOTAL oix emat enen cri 10 I REOR M RUD 
over £100 are ster to 10 weie days eer a 
SOOKE ODS as > faster 
fesecved to change prias e] cinia eit price 

les eic armor O De ere eid e AOE es 


= account order £50. "s 
"s es = dl BES Ge SE CEA Aw approx 6 as 
Ve. stock, Dtsoourts fcr volume. Tap CASH prices peri or surplus goods. Al rzcermarks, Faken 


te Thornion Heath A 
Selhurst Park ER Aad Stations 


90 days. Al E erga rhe rd 


" Misit our web site 
www.distel.co.uk 
email &imin 6 díatal.co.uk 


ALL ZS ENQUIRIES 


FAX 0181 679 1927 


U-£300, ent | 
en 


Al gcoas Mord ander 


Ete RAP 


EPE MOOD PICKER 


One of the more unusual projects published in EPE last.year was the EPE 
Mood Changer which was featured in the June '98 issue. This generated a 
weak magnetic field at an adjustable low frequency. Such fields are thought to 
encourage electrical activity of similar frequency in the brain, which in turn i 


may promote associated moods and sensations such as deep relaxalion, 
creativity or even sleep. 

Although a commercial device of this kind was on sale at a fairly high price 
at the time of publication we had no idea whether this notion was valid so the 
aim was to let readers try it out at minimal cost. Feedback received since then 
has been most encouraging however, especially from insomnia sufférers, so 
this improved design should receive a warm welcome. 

The frequency range generated is from 1-5Hz to just under 22Hz and this can provide — 


Alpha: Deep Relaxation, Meditation, Stress Relief Delta: Deep Sleep 
Beta: Normal Consciousness, Optimism Theta: | Creativity, Dreaming 


One of the available switched frequencies is at the “Schumann Resonance”. This intriguing phenomenon is 
one of the naturally occurring magnetic fields that have always surrounded us. It appears that the space 
between the earth's surface and the ionosphere forms a gigantic resonant cavity with physical dimensions that 
give it a frequency somewhere between 7Hz and 8Hz. Excitation by phenomena such as lightning starts 
oscillation, and very low attenuation at these frequencies allows it to keep going more or less continually, 

Enthusiasts of the effects of fields at this frequency say that modern man is missing out on its supposed 
beneficial effects because it tends to be masked by more powertul fields from the electrical equipment and 
wiring which nowadays surrounds us all. There is even a story that NASA installed Schumann frequency fleld , 
generators in spacecraft after finding that space sickness was in part due to thé astronauts travelling beyond:the 
range of this field. 


OSCILLATORS / PROJECT ; 

ie text books deal CH GE ina mameta ae e po 3 XE 

hi ies, red with the troni thusiast 3 

experimenter very much in mind, s memey precica. /— ^. L.E.D. STROBOSCOPE 


Tried and tested circuits are fleshed out with component The scientific purpose of a stroboscope is-to "freeze" moving 


values, and their vices and virtues are exposed. panone; The basic pa is fe ra tt He pening light of 
; E E A A 1e stroboscope with the machine so that the light flashes at 
Parti: introduction; the Hartley oscilator and as vanants; precisely the same points in each cycle of the machine. The 
Part2:  Butíer amplifiers, the Coipitts oscillator and its flash of light must be much brighter than the ambient light level 
vanants. so that any onlookers only see the machine during the'pulses 
Pat3:  "Two-terminal" LC oscillators; the Armstrong and of light. Because they only see the machine at the same point 
Meissner oscillators. in ly OC, i seems WK pe. EOD " à 
3 ^ dë e use of l.e.d.s in this design keeps the cost to a 
Pand: Crystal potoa osdals; vanabfe frequency minimum, enables an BEATUM sible circuit to be used, and 
arysial oscillators; frequency multipliers. permits safe operation from a low voltage battery supply. Thus 
Part5: Sinusoidal RC oscillators; relaxation ascailaiors: Providing an ideal Starter Project for beginners and a useful 
ic. and discrete transistor based circuits. item of "test equipment" for any reader. 


PLUS e ALL THE REGULARS 
= en ET FA ATE 


NO ONE DOES IT 


E 


EVERYDAY DON’T MISS AN 
PRACTICAL ISSUE - PLACE YOUR 


we ORDER NOW! 
ELECTRONICS 


Demand is bound to be high 


JULY ISSUE ON SALE FRIDAY, JUNE 4 


Everyday Practical Electronics/ET1, June 1999 395 


NOW AVA 


The Complete, Integrated 
Schematic & PCB Layout Package 


Windows Ranger 2 


Ranger 2 Outputs: 


For Windows 95 & NT P Windows Outputs 
* New Hierarchical Circuit Plus - HP-GL 
* Split ices * Gate & Pin Swa Gerber 

plit Qpvices + Gate & Pin Swap Noo 
* New Edit Devices in Circuit AutoCad DXF 


* Copper Fill + Power Planes 
* Autorouter * Back Annotation 


Windows Ranger 2 with Specctra SP2 
Ranger & Specctra Autorouter provide the most cost 
effective PCB Design system available. A powerful, intuitive system at 
an outstanding price! 


Windows Ranger 2 Upgrade 
Upgrade your existing PCB Package to Windows Ranger 2. 


SPECIAL OFEER Ranger 2 Lite £35 (Prices exc VAT/P&P) 


Demo Software -download from http://biz.ukonline.co.uld/seetrax 


Qid Buriton Lime works, Kiln Lanz. 
Burton. Petersfield, Hants-.GU31 555 


Fax 01730 26727 


5 KVA ISOLATION TRANSFORMER 


INPUT 220V/240V AC Los OUTPUT 0V- A ESL EY QooscF UM Sde, L37cnx W 
lez x d 15am, Wi 42 kca Price £120 + 
VAT. £x-warehiocga "o ON request. 

24v DC DEMENS CONTACTOR 


PANEL MOUNTING 
Daa 25 275 mix i 3 [ol 
(£45 53 e VAT) 


zuo 
(26139: VAT) T 
2340V AC WESTOOL SOLENIODS 
$00 | TT2 Mod. 1 Ra: t Vax. grove tin Basio marong 
ee eeh ee 
sen Gr TAL v7 


SHROUDED 
OSNA 25 aroma 


IKVA 5 276 maa 
ZEVÀ 10 aro maa 


SEVA T5 aromis AXIAL COOLING FAN 
23504 AS 20mm sgae r 3ÉCYn 3 bade 10 wat 
Low Nowa fan. Pros (7.29 ind. PSP and VAT 


pM ek uult 
SKV 25 evo rar £15020 [+ Carag 5 VATI 
Baden ces ma toen FAAM pres mensen 


SON SOLATION TRANSFORMER 
ne leat HIV AC. Oot ve See 13A Socket. 2407 
AD cortrucusty rei Morie m ‘bre gass case wi 
hands vesraly Weed 
` Price £35.06 carrags page - VAT E4135 
TOROIDAL LT. TRANSFORMER 
Prey bast AC. Seccrcary 630v 5000¥ OVA 
wm Fis FCS Quies. i 
Pkten desc Pone S hd ERE A VA AT. 2 ot £17 80 


230V AC SYNCHRONOUS GEARED MOTORS 
oo Gesta ime m 


Farg 

Prca [53.00 carnage nid e VAT (035.25) 
COlUPREMEMSIE PANGE OF TRAMSFORUERS Li- 
ISOLATION 5 AUTO 

TORAN Act; Ce ec case wih Amon Kus E 
CHO esd Ur open Fame Äis be ro: cheery 


ULTRA VIOLET BLACK LIGHT BLUE 
FLUGRESCENT TUBES 
s (£15.45 inc VAT) 
(£1058 re VATI 
ESS nc VAT) 
8524 rc VAT! 
(5534 ec VAT) 
2304 AC BALLAST KIT 
for ec Gn. sn o (Dn nons EE GS + 01 £3 plo 


Ensen £195+Sin pip 


FRANS, ro, 
Ore creer d Ue TUBE 1:225 tr Geng Pros 
Sess epicure Petes gagne poy Sq 
400 WATT BLACK LIGHT 
BLUE UV LANP H 


Dën Oca, onvali 
Pech SE 
(21398 nc VAT) 
WASHING MACHINE EATER PUMP 
n goned Can be used fora 
yaten d ds out T CER Price 


GES Mercury Vacas lr, sutacie for dn. 
Gu ebur A YAT. £1120 ex cr 2 te £20 


Se wer 1 EI PF Bates xu 
Oriy £32.95 eet pBo & VAT 


SERVICE TRADING co "To 


57 BRIDGMAN ROAD, CHISWICK. LONDON W4 588 «= EEENEEEEN 
TEL: 0181:995 1580 FAX:0181.3930849 Aros 
ACCOUNT CUSTOMERS MY REID Pasig Space 


ILABLE 


for Windows 95" 


Demo Software - available from our Web Address 


The Co 
m ed. Sche 
a PEB kagou Package 


T aget 


NLL TRAY 
——») £2 y, ——À 


Advanced Sysiems & Technology for PCB Manufacture 


DISTANCE 
LEARNING COURSES in: 


Analogue and Digital Electronics 
Circuits, Fibres & Opto-Electronics 
Electronic Testing & Fault Diagnosis 
Programmable Logic Controllers 
Mechanics and Mechanisms 

GCSE and BTEC Mathematics 


«= Courses to suit beginners 
and those wishing to update 
their knowledge and practical skills 
Courses are delivered 
as self-contained kits 
No travelling or college attendance 
Learning is at your own pace 
Courses may have 
BTEC Certification and Tutoring 


For information contact: 

NCT Ltd., P.O. Box 11 

Wendover, Bucks HP22 6XA . 
Telephone 01296 624270; Fax 01296 625299 
Web: httpAvviw:nct.itd.uk 
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8 CAVANS WAY, 
BINLEY INDUSTRIAL 
ESTATE. wd 
COVENTRY CV3 2SF 
Tel: 01203 650702 
Fax: 01203 650773 
Mobile: 0860 400683 


(Premises situated close to Eastern-by-pass in Coventry with easy access 
to Mi, M6, M40, M42, M45 and M69) 


Rosin Packard TEDA MEOCHISTA TEC 
Hewett Packard 1740A, 1741A, 17444. DAD CET eee 
Hantett Packard 541050 — 1GH2 


(Hewitt as uei, HR. 
Henten Packard 545128 Ap ` GSS -Cannel 
Hrozett Packard 54501A — 10H ~ 100 Nsw A Craco 
Haachi VISZENS BVIOGEVISSENSHOR VESE ` ` 
Hosch) Cnannal 


Du 

Hitech! VIIA 10MH? i-C*anral 
inyon 2820 — DUK ME Sonin EO. — 
Megeno E 8 [rer zi Senga t z ———— 
Lecroy 9304 AM = E zoomia - 100 153 SCS Y - 

94504 Be Soe en ME DS D. Cic — — 
Phaips FM 3055 - S2MHz De: Tt 
Phiips PM 3211 PM 3212PM 3214 0M 3 3217/PM 3234 PM 3240 PM eer 


P1 3214PM 3261/9 M 3262 PM 3263 PM 3550 — from £125 
Phéps FM 3295A — &6CM E Dus Ger £1800 
Philips PM 3335 = ECMH1/00 Mes 550. 2Chans — — 6 
Tekton 1£5 = SOM}: Dut Chryse ——— £200 
Tektronix 464: OOM Serag -from £300 
Tehtroniz #55465B —100UHz Dux Cree! —— from £300 
Tektrordx $58 - 12MM: OSO ___ = - ——— £500 
Tautroniz TAS $75 = 105 Mr — 4 Channel —— £395 
Tektronix 475 472A — 2OOMH EZ Cea! Cram — geg dram £300 
Tektronix 455 ~ ISAR — 2-Crarcei _ -£750 
Teatrocin 221 Li 5£ SWUH: E: 
Tektroniz 221 == — -E350 
Textrores 2215 .£375 
Tektrowx 2220 ECO Boat Crane! D.SO. — — e EE 
Tektcegn 2221 - ËCH: Doa! S: BUT £959 


Tektroniz 2225 - 5OUH1 Dos: Crac — 3 Wat) 


Teivonix 2235 - 100MHz Dux race — » EE 
Tektrocix 2335 ~ Dual Trace EA ri : — — £800 
Textronix 2440 - 309r SKO Meis D SO. 2-Comns  — — £2500 
Tektronix 2445 - 15044 — ice DMM ___ e ESO 
Tektronis 2145A — 102UHz— 4-Crarnal _ SS) 
Tekton 24768 — £00VHz — Äere e — -£6500 
Tektronin 5453 OM - 2 of Geo — E = trom £150 
1833 — 10CMH» ZC, — Hem £225 

tren = from £350 

Tektronix TXH — Ort £400 
Tris CS-1022 — 27442 — Dus! Chance == -£135 


Omar scopes myailable me — 


SPECIAL OFFER 
HITACHI V212 - 20UH: DUAL TRACE — —— 
HITACHI V222 ~ ZONH? DUAL TRACE - ALTERNATE! MAGNIEY . 


Ando ACe211-- £eectrum Aca? TG I — —— EL ES 
Anritsu MSE2B — TORHz- 17 —[ i02] 
Anritsu MS3401A + E —__ ac -£3509 + £3235 
Antittu MS510B — 10k Hz-2G*z - (Mnt) ee SE 
Anritsu MSTICĂ = Oh 23GHs Soectrum Analyser — = = _ £5500 
E See Leen Tracara Gan = 100HG Oscllcacrpe. Eis 
meg E um Analyzer: t 102 

Hewlett Packard 18251 weh E5294 IDEA GL —— .t2750 
Hewlett Packard 1627 - 55528 —C-1 to 15004. _ Ge i —— £1280 
Hewien Packard £524 - $3528 = (1 1c 1500MH= — — — — 2230 

Hawiatt Packard 3562A Dus Channel Dynan Sg Anaeyser —À — EEN 
Hewett Packard 35204 — Eeir-5oHiz - = — £eco 
Hewitt Packard 3552A - 005- £5 Bh (Del Cra Geet — ESO 
How?! Packard 3555A — 2oHZ-t0U HT —225—— .£4000 
Hentett Packard 85678 - peat $222 Eas Pe .K42f5 
Hewlett Packard 250264 - S euSet . £2500 


Hewan Packard 6753A — Nac Anasa 
Hewistt Packard 87538 — Netecrk Aë — 
IER 7750 — 1OAHZ2-1 —_ 
Meguro NSA 4301 = 1-300GH (AS NEW) - 
Meurs MSA $912 - 1-1 GHz (AS NEW) — 
et Schwarz — SWOa 5 Foysicp O t- BEE 
Takeda Riken 4132 = 1-0GH2 Zoe Araya - 
Tektronia 7L18 wth mariro (15-5 nr wen mi maza} = 
Teatrons 4357 - 1072-1 6G: propane — 
Tektronix 456P — (IKEA GHz Spectrum AASySM — mr D 


Adret 740A —4100kHz- 
Anritsu MG 35014 

Anritsu ME'AEZ8 DFA Trzzsrission Arati > 
Anritsu NG 6433 Scia Generate D-09-TOSOMHE 
Boonton 920 AF eeben . - 

Boonton FIA Tre BUS Vot 


Famed AP A Bower Suy 3V— 29A. 
fesdbsck PFG 0S Fowss Funston Generar 
Den 


Ca. — 
6390 — (43 Channets} —— T 
Hawient FICKEN KEES andC- ` wth VOSIDAHSSTATIETESSATESSTA 


See? 331A Dervteoe Arsiz 
Hemet Packard 333A - Dasorton Analyser _ 


Heatett Packard 
Hewat! Packard SACS Sy crossed Sora! piety Poon STU 
Hewiatt Pactard 3135C = Drëtte Sena Geet npo - 
Hewisst Packard 34524 — 654 Dot Mee (Ataca) 
Hewett Packard 3456A — Opie! Votmeter — — 
Howlett Packard HOGA — He — 18 Swan Certo Una (vous Pug iss avaiable) ___ 880 
Duz Crave! Dyrarc Sora! Analyser TN 
Hewlet Packard Ach — Se-ectve Level M Fa 
Henlett Packard 3711437124 3733 B-J7935 — MA crcwavo Link Aryza — E E, 
Hewtett Packard 37454 — Secta Messuring Set -Z509 
Hewtett Packard 37764 — PCM Tecrina Tes: Se 
Hewlett Packard 3779A/3779C — Pricarq Ma Aere — —— 
Heen Packard 37814 — DNA Transgression Ana! = INIT 
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‘Tims Si i= 


Heuten Es EE — Jeu Serio? (No. "soen ` His 
ciad 375 est —_ ft 
Hareiert Packard P362A — eng MIR = 
Hewtett Packard 41924 —LF impedance noe Ari = 6300 
Hawisti Packard £252A — LCA Meter - - -— (OQ 
Haretett Packard 43424 - Q Meter — = = —— £500 
Hewiett Packard 1354 or B Power! User dee wth BIETA ALAJ — from £400 
Heerett Packard rand DIR = Power MM ara Seat = m mU 
I 250 
Hewtztt Packard 5163— Mave [on te pea — - — E1220 
Hewtett Packard 528A — Frequency Coumtes 1004 Hx. ——" DES. iv) 
Hawiatt Packard 5314A — NEW) (Én Untveres) Course: E Ev 
Hawieti Packard 5315A — Lirveersa! Coster (EEE) - -£400 
“Henient Packard 5335A — 200kiHz Pericemerce Systems ys:ems CATIE — -£500 
Hentett Packard SIMA = NMarcascre Freeney Course E Opts tta — — — E800 
Hemiett Packard £359, — High Recotton Tene Sy^thesser —___ : -£2950 
Hewlett Packard $3708 - Unvers= Timac Courter — £2500 


Hewiett Packsed 536414 — 223A Ht Frequency Cote’ 


ESCH 
Hewlett Packard 5335A — Frequency Corea — En Së OPTS e — E 


Hewiatt Packard 6933A — Power Supply ^us m c dd 
Hewiett Packard £253A — Fower Scc, 20V m 
Vievéstt Packard 52554 — Power Supcy 40V - 15A Ten 


HEWLETT PACKAR 


2318 
pows Supply 20V ~ 50A £359 Discount for Quantities 


hewlett Packard EZIB L Power Supply GOV — 3A —— 


Hewistt Packard 6£24A Da) Poner ES —£2000 


Hewlett Packard 66224 — Fr sh Sla 
Hendett Pazkard ¿3524 20 — 254 Syren FS. 

Howlett Packard 74TSA - 6 Pec Ponar 

Hewlett Packard 75204 — 8 Pen Ponar 

Heatett Packard TTD - Coax Dual Deectoral Come: — 
Hamiin Packard 60154 - SCMH Prise Gecerstor 

Heen Packard 31654 — SCHT Programmadse Signa! Sarea 
Hawiett Packard 2180A — Data Geezer 
Howlett Packard 5152A — Dara Anzyser s. 
Heater Packard 63:08 — Sweep OSczasce Menvara [varcus jà 


Heatett Packard B3554A - Wave Source Moore 96:512 HGH. 
Harntett Packard pere 


Hewlett Packard BE Ge Marieta 
Hewistt Packard E5403 Gens rap —trom £259 
Heetett Packard 65424 — Eod Gearet (N Jo 10506 H2; EE Paromanna EE „EESTI 


Hemiett Packard C2854 — Sirnea Ber Generator (SA 
Hewlett Packard Soe -Sy esed Genera 
Hewlett Packard 66574 ~ Son Gearain (Da, A 
Hamer Packard SGD — Synthented Sora Generator (OH: 
Hawiett Packard 6750A — Sae Nena ees — 

Hznielt Packard 67554 — Scala: Nora Araiyzer 

Hewlett Packard 5757A - Scan: lege Arr 

Hawieit Packard E9014 — Monaton Ararysst — 
Hewiett Packard 82012 = Modutatxn Analyser 

Hawiett Packard &203E — OSION Ars ... — 
Hawiet: Packard &xO3B — Dsg Araiysec (irs) 

Henlen Packard ES20A - AF Comms Tesi Set ` 

Hentntt Pacazrd 63278 GH ~ Rasto Comms Test Seu (GSM). 
fawiet Packard 62584 — Cab tar Redo interface — — 

Kayisk M2-1S$ EC Mirza 15V Herd Hod ESI Sra 
Krohn-Hae 2200 - Lii og Sweep Gemary 

Kroh-Hite 3024A ~ Osca 
Krohn-Hita 5290 — Sesen. Funston Gecarator 
RKrohn-Hite 6520— Prete Meter _ 

Leeder LDBI-170 - Gato ME — 


Leeder 3216 — gt Generator (äis, - 10H21 AMPA CW win but FM Szeen 


- DEEZ) 


e - £659 


mosia imin -E955 
Marconi 10668 ~ neg and Frama Arer Mergen (fea) -EPOA 
Marconi 2019 ~ S0kHz- DAD Syn ssised Sqnal Der —__ —_ - £752 
Marconi 20194 — Bc Hz IOONI Syrmassed Song Bee e 
Marconi 2111 -UNF Syreresisex (nw PDA 
Merconl 2185 - 1-3Grz Prostata Ass (rta) € POA 
Marconi 2305 — Veceaton £1729 
Marconi 2337A — Ae Dior Metee —— £150 
Marconi 2510 — True BUS Vorsatz — __ -ETDI 
Marconi 2673 Ee Comms Ansiyser — = £500 
arcon] 2325 — Risse Corms Test on -£2000 
Merten! 6310 — Saeco Gereraty — Proarzaie — Ride — £3809 
Marcon! €2225960 — Power theses b Sensor trom £560 
Marconi Eë — Power Maist A Senso E from £950 
Marconi £33 - ME Rone Nee Ps £250 
Phiips P5167 MHz Function [n £4290 
Philips 5199- LF. Syrttesser (G P16) __ EECH 
Pros 5518 - — Syrshesssed Functon Generar = -.F15cn 
Phiips PUz519 — TV Paste 1350 
‘Philips PM5S715— SO Pulse Geravstor _ Is 
Prema 4000 - 8:5 Dg Tice (Neva — 1390 
Quartiock 24 — -Ax Freq -£20 
Raca! 1992 — t-3GH: Frequerc sec —— E — — £100 
Racal 6111/5151 ~ GSM Axio Test Sat e ——.EPOA 
Raca! Oars 90319082 —- Syrznesscd UI I teen £450 
Raza! Dara 9084 — S; Su Generator 104: £450 
Fiscal $3014 = Tro PMS RF Museos — .t300 
Raca Dena $2024 — AF UuUlzvo^cneMr (naw ie or -.£375 
Fiscal Dana 8303 — RF Love Mater & Head = 2 . 
Pacai Dana 9917 ~ LHF Frequency Mater S608":  —— ——— Bac 
Rahde & Schwarz LFM2 PM Group Delay Suet Gegen — — £350 
Rohda & Schwarz CMTA 94 - GSM Rate Comma Analyser E Sass 
Schxfinar NSG 201A — Line Vots3e Varaton Bass — £759 
-Schstiner KSG 222A — rierference Srnuistoc ———— — TOO 
Schafiner NSG 223 - iazriererce Gorai ——— -£700 
Schlumberger 2720 — 1750M Frequency Castr — i. £400 
Schlumberget 4031 - IGHI Fado Comms Test Sei __ — £4955 
Schlumberger Stabüock 4040 — Aado Corrs Tett Sai __£ 4935 
Schhumberger TO 7055 TOTS - Moflmelecs -—-froms £350 
Stanford Research OS 330 = IILH Symnessed Furxton (REW) & ed keen ` 
Viavetorm Ganerzice _ £1250 
Systren Donna 6030 - Mcrosrave Fi GE Carite PS IGRI = -£1955 
Tektrania AH293 + TMZOI - PED Current Prco Amps _ £955 
Tektronix PG506 + TGz01 i SGIO- THESIS - Page rss = 01925 
Tektons 577. - Cung frees 000 £1050 
Tektronia 1249 - Looe Anz = - 
Tektronlz 141A = PAL Ter a Grea. — £250 
Tektroniz AASOO! AASOO1 & TMSCOS = ITS 


Proger 
Time $814 — MA Caira __ 
Vathalls Sclantilie = 2724 Poyanne Besse a SEa 
Wandel & Gottermann PFJ-3 - Eres Sacer Test 54 __ 
Wandel & Galterrzann PCM (4 cptons! — = 
Wandal & Goltarrann MU30 - Test Port Scama 
Wayne Kerr 4225 - LCR E 
Waretek 171 — Syn thasisec Finen BEE HE — 
Maiden 1728- S 


MANY MORE ITEMS AVAILABLE — 
FSEND'|ARGE SAE FORILIST OF EQUIPMENT 


ALL EQUIPMENT ISIUSED - 


l WITH 30 DAYS GUARANTEE. 
BLEASEGHEGK FOR AVA ABILITY. BEFORE ORDERING — 
CARRIAGE & VAT TO BE ADDED TO ALL GOODS 
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A, 


SURVEILLANCE 


PROFESSIONAL QUALITY KITS 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, 


circuit diagrams, assembly details and all high quality components including fibreglass PCB? Unless otherwise- stated all 
transmitters are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 


UTX Ultra-miniature Room Transmitter 
Simaliest room transmitter ket in the word! echte 10mm x 20mat'incuding mi. 
3V-12V operation. 500m range... ES £16.45 
MTX Micro-miniature Room Transmitter 
Best mócro-miniature Room Transmitter. Just 17mm x 17mm incudina mic. 
3V-12V operation. 1000m range... : £13.45 
STX High-performance Room Transmitter 
High performance transmitter with a buffered output stai 
range. Measures 22mm x 22m. incuding mc. 6V-12V operation, 1 
VT500 High-power Room Transmitter 

etful 250m/ output providing excelent range and pere. 
Size 20mm x 40mm. 9V-12V operation. 3000m ranae. 
VXT Voice-Activated Transmitter 
Triggers only when sounds are detected, Very low standby Current. Variable sensitivity 
and delay with LED indicator, Size 20mm x 67mm. 9V operation. 1000m range. £19.45 
HVX400 Mains Powered Room Transmitter 
Connects directly to 240V A.C. Sepp ior ong idt oring 
Size 30mm x 35mm. 500m range... — -— 
SCRX Subcarrier Scrambled Room Transmitter 
Scrambted output trom this transmitter cannot be monitored without the SCDM decodar 
connected to the recevver. Size 20mm x 67mm. SV operation. 1000m range...... £22.95 
SCLX Subcarrier Telephone Transmitter 

to telephone line anywhere, requies no batteries. Output i A 


(—————Á 


nni remate eiie ccs catu par U auus ca 


aaier stabüty and 
moon ane, £15.45 


.£16:45 


. £19:45 


requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range......... 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and pogs cecoded audio p to 
headphones. Size 32mm x 76mm. 9V-12V cperaton.. 


ATR2 Micro-Size Telephone Recording interlace 

Connects between telephone Ene (anywhere) and cassette recorder. Switches tape 
automaticaly as phone is used. AN conversabons recorded. Sze 16mm x 32mm. 
Powered from Ene... Ean £13.45 


Jc Specials kkk 


DLTX/DLRX Radio Control Switch 

Remóte control anything around your home or garden, outside lights, 
alarms, paging system etc, System consists of a small VHF transmitter with 
digital encoder and recelver unit with decoder and relay cutput, momentary 
or alternate, Bway d.il. switches on both boards set. your own unique 


Ped code. TX size 45mm x 45mm. RX size 35mmx Wmm. Both 9V ` 


operation. Range up io 200m. 
Complete System (2 klts).......— eic ur £0.95 
Individual eor DUTIES "maecens L.19,00- 
Individual Receiver DR... seess meet eniies R37,95. 
MBX-1 Hi-Fi Micro Broadcaster 
Nat technically a surveillance device but a great idea! Connects to the 
headphone output of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a 
nearby radlo. Listen to your farvourite music anywhere around the house, 
garden, in the bath or in the garage and you don't have to put up with the 
DJ's choice and boring watile. 
Size 27mm x 60mm. IV operation. 250m name umm £20.95 


SUMA 
DESIGNS 


Dert. EE 
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THE WorksHors, 95 Main ROAD, 
BAXTERLEY, NEAR ATHERSTONE, 
WanwicksHinE CV9 2LE 
VISITORS STRICTLY BY APPOINTMENT ONLY 


UTLX Uitra-miniature Telephone Transmitter 

SmaSsst telephone transmitter mA available. Incredible size of 10mm x 20mm! 
Connects to fine (anywhere) and switches on and off with phone use. 
AS conversabon transmitted. Powered from line. 500m ane £15.95 


TLX 700 Micro-miniature Telephone Transmitter 
Best-selling telephone transmiter. Being 20mm x 20mm ft & easier to assemble 
than UTLX. Connects to Ene (anywhere) and switches on and of ^ phone use. 


Alt conversations transmitted. Powered from ine. 1000m range... £13.45 


STLX High-pertormance Telephone Transmitter 
High perfomance transmitter wth buffered output stage providing excelent stabikty 
and performance. Connects to ine (anywhere) and switches on and off with phone 
use. All conversations transmated. Powered from Ens. 
Sze 22mm x 22mm. 1500m range... -£16.45 
TKX900 Signalling/Tracking Transmitter 
Transmis a continuous stream of audio pulses with variable tone and rete. Idaa! for 
SignaEnq or tracking purposes. High power output giving range We to 3000m. 
Sze 25mm x 63mm. 9Voperation. ..' £22.95 
CD400 Pocket Bug Detector/Locator 
LED and piezo Hesper puise siowiy, rate of pulsa and pitch of tone increase as you 
Fugo signal Gain control allows porno of source. 

e 65mm x $4mm. 9V operation... s. £90.95 


CD600 Professional Bug C— 

Mutticolour readout of signal strength with variable rate beeper and varlabie sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mede to 
dstinguish between locaised bug transmission and normal legitimate signals such zs 
pagers, celular, taxis etc, Size Tr x 100mm, OV operation. £50.95: 


QTX180 Crystal Controlled Room ru HO 


Narrow band FM transmitter for the uiimate Ki privacy. Operates on 180 MHz and 
requies the use of a scanner receiver eat catalogue). 
Size 20mm x 67mm. YV operation. 1000m range. e IURE 


QLX180 oneal Controlled Telephone Transmitter 
As per OTX180 but connects to telephone ine Lf monitor bath sides of conversations 
20mm x 67mm. ON operation. 1000m reng, tirs E AR) 


QSX180 Line Powered Crystal Controlled Phone Transmitter 
As pet OLX180 but draws power requirements from ine. No batteries required, 
Size 32mm x 37mm. Range 500m........... ae ge te ... £35.95 


QRX 180 Ee Controlled EM Receiver 

For montonng any of the 'Q' range transmitters. High sensitivity unit. Al RF section 
Suppied as pre-buat end aigned module ready to connect on board so no difficulty | 
setting up. Output to headphones. 60mm x 75mm. 9V operation... „=... 200.8 


A build-up service Is available on all our kits if sed 


UK customers please send cheques, POs or registered cash. Please add 


£2.00 per order for P&P. Goods despatched ASAP allowing for cheque 


clearance. Overseas customers send Stering Bank Draft and add £5.00 
per order for shipment. Credit card orders weicomed on 01827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE 
NEW SURVEILLANCE KITS NOW AVAILABLE, SEND TWO 
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


[oy 


.. Tel/Fax: 
01827 714476 
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The ADC-200 range of PC based oscilloscopes offer 
performance only previously available on the most expensive | : 
"benchtop' scopes. By intergrating several instruments into |: 
one unit, the ADC-200 is both flexible and.cost effective. 


Connection to a PC gives the ADC-200 the edge over traditional 
oscilloscopes: the ability to print and save waveforms is just one example. 
Units are supplied with PicoScope for Windows which is powerful, yet == 
simple to use, with comprehensive or line help. 


Video A fraction of the cost of comparable benchtop 
Automotive oscilloscopes 
Electronics design Up to 100 MS/s sampling T bibe. 
Production line tests Advanced tigger modes- capture ps =f 
Fault finding one off events. Pigo ] 
Education Up to 50 MHz spectrum analyser "Ae. F 
INC "um Large buffer memory gg OO ] 
SE ei Simi with ADE-200/100 £499 ; i 
SO are, Cables and power - 
supply. Prices exclude VAT. ADE-200/50 £399 A 
4DE-200/20 £299 Bii. / 


Once oscilloscopes were heavy and alumsy to handle, Hut over the years iiey have become smaller 
undismaller: The látestd&velopmentan this field has just arrived: a digitallst rage oserlloscpperfn a 
handy slim housing, scarce y longer than a pencil andaboutasithick as vour thumb, Despitelts small 
Size. its peribrmance can matéh thatof a'sen ie&oscilloscope. 


Applications 
Y Gn-the-spot measurements 
WV Hobby electronics 
Y Measurements in amplifiers A 
v Productianlline tests a Sn 
Prices exclude VAI 


Y Can use PC displa 
Y Sample rates fro 
50ns to ims 
= m Up to 20 MS/s 


E 


Fax: +44 (0)1954 211880 Tel: +44 (0)1954 211716 
E-mail: posté picotech.co.uk Web: wwwipicotech.com 


3 EE202 135 Hunter Street, Burton-on-Trent; Staffs. DE14 25T asm PE 
GENT Tel 01283 565435 Fax 546932 ee E. 
http://www.magenta2000.co.uk Ch 


E-mail: sales@magenta2000.co.uk 
EE ach © iN) Gus L TID All Prices include V.A.T. Add £3.00 per order p&p. £6.99 next day En 


MAIL ORDER ONLY e CALLERS BY APPOINTMENT 


ae EPE 'E MICROCONTROLLER! PIC PIPE DESCALER !SPACEWRITER  * 
: PI. TREASURE HUNTER! o SIMPLE TO BUILD e SWEPT Ad agua pot eg? nO 
V The latest MAGENTA DESIGN — highly ! e HIGH POWER OUTPUT FREQUENCY Sen Aen E ON 
l stable & sensitive — with LC. control | oe AUDIO & VISUAL MONITORING I ammabla to hold any message “Gh, 
lof alt timing functions and advanced I An affordable circuit which sweeps 

I pulse separation techniques. the incoming water supply with 


—— 


upto 38 digits iong, Comes 5 pre loaded 43 

Ben Y XMÁS". Kit includes Ki 

[| PCS. eer componens & bue plus & 
or 


U 
ot ond F, variable irequency electromagnetic 1 instructions for message loading. — 

: e dë Ch ss Lut TL pens ane so ———— i do Bän, nee «£16.99 

stabili issolve existing scale and improve HDI mem EA ni m ciim m 
t dri cancelling i armod ability KE the way ^ EN EPROM ERASER i 
Le Easy to build I Kit includes case, PC.B, coupling ee 
| &use É coil and all components. (400mAl. Used extensively for moble work ~ up- 
| * No ground p High coil current ensures maximum dating equipment in the field eic. Ae in duce 
1 effect, works Pi mentor poc fece aree pet poor dy al 
| in seawater I KIT 868 ......... £22.95 POWER UNIT 3 KIT. 790... £28.51 
i e Detects góld, i 
i sliver, ferrous & 1 MICRO PEST SUPER BAT 
t non-ferrous i SC ARER : 
i Ween ! Our latest design — The ultimat DETECTOR 
1° Efficient quartz controlled dickes Fog rill disc 
[ aa EDU Ge en, J| special microchip to give random 1 WATT O/P, BUILT IN 

9 Full kit with headphones & a q delay and pulse time. Easy to = 
i hardware i build bei? GT pais! SPEAKER, COMPACT CASE 
pests away from newly sown areas, 
LKT 847... iL E8395 play areas, etc. Uses pawer source j 20kHz-140kHz m 
trom 9 to 24 volts. NEW DESIGN WITH 40kHz MIC. 


PORTABLE ULTRASONIC e RANDOM PULSES 
PEsT SCARER 9 HIGH POWER 
A powerful 23kHz ultrasound ganaran; in P DUAL OPTION 


A new circuit using a ‘full bridge’ audio 
amplifier i.c., intemal / 
speaker, and head- 


Mah lies: i AC eet ee KAIT 186:7-.... mereri AR 553 ++-£19.99 pnonetepesocket The ` 
tense pulses via a special tuned Vanstormer. KIT+ S LAV E UN IT. alain REED pares sees £32.50 oes bean! 
Sweeping frequency output esigned to and ‘double balanced mixe 
ave maximum output without any special WINDICATOR 


X L wind d indicat V TED ME At comes give a stable, high peformance 
novel wind speed indicator wi readout. Kit come arheterodyne design: 
Lët GR ur TL £22.56 complete with sensor cups, and weatherproot sensing KIT 861. 9 £24.99 


head. Mains power unit £5.99 extra. AS s IE 
SUPER ACOUSTIC PROBE KIT 856....... cerent EH. 00 ALSO AVAILABLE Built & Tested ....£39.99 
E.E. TREASURE HUNTER 


Our very popular projeci — with probe 

components and diecast box. Picks up Xx * 

vibrations amplifies, and drives headphones. TE N S U N IT Pl. METAL DETECTOR 
Scunds from engines, watches, and speech 


through welis can ba heard clearly. Useful tr DUAL OUTPUT TENS UNIT MKI 


mechanics, instrument engineers and nosey Magenta's highly 


setting up. 


parkers! A very useful piece of kit. As featured in March '97 issue. | 4 ae A eig 
KII£865... Ao eG £29.95 Magenta have prepared a FULL KIT for this een Opariz iem 8 
——— excellent new project. All components, PCB, Model uH 
s hardware and electrodes are included. D.C. coupled : 
DCM otor/\ Gearboxes Designed for simple assembly and testing and amplification, 
pular and Versatile DC Ta : R Full kit includes 
motor/Gearbox sets. providing high level dual output drive. PCB handle 
Ideal for Models, Robots, n. : 3 eo nu T e KIT INC. 
Buggies etc. Vo d 4-5V KIT 866.... Pult kit. inctuding four electrodes £32.90 omen HEADPHONES 
ulti ratio gearbox : : 3 E EFFICIENT 
Pe UE — 1000V & 500V INSULATION ` “CMOS DESIGN 
LARGE TYPE — MGL £6.95 ec 000V & 500V INS OS Rs 


< TESTER 


Superb new design. Regulated 


a PENEREUE COIL 
SMALL - MGS - £4.77 DRI 


Stepping Motors 


ouiput, efficient circuit. Dual- 
scale meter, compact case. : DETECTS FERROUS AND -o 
MD38... Mini 48 step...£8.65 Reeds Up E NiBgonms. SILVER, COPPER ETC. 
VE E ngu n Kit includes wound coil, cut-out 
MD35...Std 48 step...£9.99 I Y case, meter scele, PCB & ALL e 190mm SEARCH COIL 
MD200...200 step...£12.99 components. e NO ‘GROUND EFFECT‘ 


MD24... Large 200 step...£22.95 


MOSFET MKII VARIABLE BENCH 
POWER SUPPLY 0-25V 2-5A. Keep péts/pests away from 


Based on our MAL daston PROJECT us dose D 
E ST EE al ite children’s play areas, patios 
eatures, but now with PICs atc. This project produces 
switching pre-regulator for intense pulses of ultrasound 
much higher efficiency. Panel NOW £5.90 which deter visiting animals. 
meters indicate Volts and o KIT INCLUDES ALL 

Amps. Fully variable down to Programmed PICs-for COMPONENTS. PCB & CASE 
zero. Toroidal mains trans- all' EPE Projects o EFFICIENT 100V 

Now one price 


former. Kit includes punched 
and printed case and all TRANSDUCER OUTPUT e UP TO 4 METRES 


> KIT 815 ...E45.95 


S:t: 


EO 


D 
I 
E 


parts. As featured in April £5.90 each e COMPLETELY INAUDIBLE RANGE 
1994 EPE. An essential piece (some projectsare || _ TO HUMANS o LOW CURRENT DRAIN 
of equipment. ‘ copyright) Klee E ear eeh actos £14.81 
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SIMPLE PIC PROGRAMMER 


INCREDIBLE LOW Ca 
PRIGEI Kit 857 £12.99 


INCLUDES 1-PIC16F84 CHIP 
SOFTWARE DISK, LEAD — 
CONNECTOR, PROFESSIONAL 
PC BOARD & INSTRUCTIONS 


EPE PIC Tutorial 


At Last! A Real, Practical, Hands-On Series 

3-Part Series - Starting March "og 

€ Learn Programming from scratch 

9 Uses Re-Programmable PIC16F84 Chip 

e Start by lighting an Le d and work up through 
over 30 tutorials to Sound Generation, Data 
Display, and a Security System 

o PIC TUTOR Board has Input Switches, Output 
l.e.d.s, and on board programmer 


PIC TUTOR BOARD KIT 


Includes: PIC16F84 Chip, TOP Quality PCB printed with 
Component Layout and all components* (*not ZIF 
Socket or Displays). Included with.the Magenta Kit is a 
disk with Test and Demonstration routines. 


KIT 870 ...... £27.95, Built & Tested ...... £42.95 
Optional: Power Supply - £3.99, ZIF Socket - £9.99 

LCD Display - With Software and Connection details .....£7.99 
LED Display - Including Software................................. £6.99 


‘Power Supply £3.99 


EXTRA CHIPS: 
PIC 16F84 £4.84 


Based on the design in February '96 EPE article, Magenta 
have made a proper PCB and kit for this project. PCB has 
‘reset’ switch, Program switch, 5V regulator and test L.E.D.s. 
There are also extra connection points for access to all A and 
B port pins. 


PIC16C84 LCD DISPLAY DRIVER 


INCLUDES 1-PIC16F84 d 
WITH DEMO PROGRAM Kit 860 £19.99 
Power Supply £3.99 


SOFTWARE DISK, PCB, 
FULL PROGRAM SOURCE 


INSTRUCTIONS AND 
24-CHARACTER 2-LINE | CODE SUPPLIED — DEVELOP 
YOUR OWN APPLICATION! 


LCD DISPLAY 


Another super PIC project from Magenta. Supplied with PCB, 
industry standard 2-LINE x 16-character display, data, all 
components, and software to include in your own programs. 
Ideal develpment base for meters, terminals, calculators, 
counters, timers — Just waiting for your application! 


* Chip is pre-programmed with demo display x 


PIC TOOLKIT 
PIC16C84 MAINS POWER 4-CHANNEL ` PROGRAMS PIC16C84 and 16F84 
CONTROLLER & LIGHT CHASER Full kit includes PIC16F84 chip, top quality p.cib. printed with com- 


ponent layout, turned pin PIC socket, all components and software* 
*Needs QBASIC or QUICKBASIC 


KIT 871... £13.99. Built and tested £21.99 


SUPER PIC PROGRAMMER 


READS, PROGRAMS, AND VERIFIES 
WINDOWS® SOFTWARE 

PIC16C6X, 7X, AND 8X 

USES. ANY PC PARALLEL PORT 

USES STANDARD MICROCHIP e HEX FILES 
OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 
PCB, LEAD, ALL COMPONENTS, TURNED PIN 
SOCKETS FOR 18, 28, AND 40 PIN ICs. , 


€ SEND FOR DETAILED Kit 862 £29.99 
INFORMATION - A Power Supply £3.99 


e WITH PROGRAMMED 16F84 AND DISK WITH 
SOURCE CODE IN MPASM s 

e ZERO VOLT SWITCHING — 
10 CHASE PATTERNS 

e OPTO ISOLATED 

e 4 X 3KEYPAD CONTROL mm 

e SPEED CONTROL POT. Pio ieiunia ia 

o HARD FIRED TRIACS isfully | 

e 4 CHANNELS @5 AMPS E ed eR en 


Kit 855 £39 .95 LOTS OF OTHER APPLICATIONS 
2 ALL PARTS FOR SERIES INCLUDING 
PI uzzyB PCBs, PROGRAMMED CHIP. CD-ROM 
AND DISPLAYS 


MAIN BOARD- FULLKIT... £131.95 pur £149.95 
m 3 KIT £16.99 pur. 


Now features full 4-channe! 
chaser software on DISK 
and pre-programmed 
FICTGFBA chip. Easily 
re-programmed for your 


SUPERB PRODUCT AT AN 


UNBEATABLE LOW PRICE. | DISASSEMBLER 
SOFTWARE 


£11.75. 
PIC STEPPING MOTOR DRIVER 
DEE, |Kit863 £18.99 


FULL a ela ae 
Sol! AC ‘FOR DRIVIN HER 
pe ee POWER DEVICES e.g. SOLENOIDS. 


DEVELOPMENT AND i KIT 621 
68000 TRAINING Kit p >. £99.95 


8 MHz 68000 16-BIT BUS 
MANUAL AND SOFTWARE 
2 SERIAL PORTS, PIT, : PSU £i 
AND VO PORTS sad SERIAL LEAD 


Mini-Lab & Micro Lab 
Electronics Teach-In 7 


As featured in EPE and now 
published as Teach-in 7. AH 
parts 

are supplied by Magenta. 
Teach-In 7 is £3.95 from us or 
EPE 


6.99 


Another NEW Magenta PIC project. Drives any 4-phase unipolar moior - dp 
to 24V and TA. Kit includes al! components and 48 stan motor, Chip is 

pre-pragrammed with demo software, then writs your own, and re-program 
the same chipi Circuit accepts inputs from switches etc and drives mGtor in 
response. Also runs standard demo sequence fram memory. 


Full Mini Lab Kit — £119.95 — 
Power supply extra - £22.55 
Full Micro Lab Kit — £155.95 
Built Micro Lab — £189.95 


All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99 
Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk 
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POINTLESS PROJECT 

Sometimes a project comes along that catches the imagination of many readers 
and we expect our Afusical Sundial to do just that, What a wonderful use of 
microelectronics to do something which can easily be done with a stick in the 
ground and no moving parts — unless you count the sun! Of course, our project 
equally has no moving parts (unless you count billions of electrons!). 

When John first suggested the idea, my initial thoughts were what a wonderfully 
pointless and fascinating project — it makes me smile just to think about such a 
frivolous use of technology. At no time has-anyone questioned our decision to 
publish it on the grounds that it is a pretty pointless exercise. It’s fun, it’s 
fascinating and it’s a real conversation piece — I bet it gets people talking ar your 
next barbecue. 

Suffice to say that everyone we have talked to about it is fascinated and wants to 
know more. Let us know if you feel the samé or if the pointlessness of it makes 
you angry. 


BRITISH GENIUS , 

Regular readers will know something of Alan Dower Blumlein, bur probably 
not a lot. Barry Fox has previously commented on his life and the problems with 
one individual hoarding archive material that had been collected to write a biog- 
raphy. I’m pleased to say that this issue carries a feature on Blumlein's life; he 
played a very important part in the development of electronics in the twenties to 
early forties and it is right that his name should be up there with Bell, Baird, 
Edison and others. I'm also pleased to note that what is reported to be an excellent 
book on Blumlein's life is about to be published — more details in the article. 

lt is sad that such an outstanding British engineer has, for various reasons, not 
received the acknowledgement he deserves and we are very pleased to be able to 
'do our bit to put this right. Blumlein made significant contributions in a wide 
range of electronic disciplines and had a great impact on the development of radar, 
television and stéreo recording amongst other things. 
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AVAILABILITY 


Copies of EPEET are availabls on -subscription 
"anywhere in the world (see right), irom all UK 
‘newsagents (distributed by Seymour) and from the 
following UK electronic component retailers: Maplin — 
all stores throughout the UK (and in S. Africa); 
Greenweld Electronics; Omni Electronics. EFE can also 
be purchased frem retal magazine cutlets around the 
‘world, An on-line version can be purchased from 
Mww.epemag.com 


Annual subscriptions for delivery direct to any ad- 
dress in the UK: £26.50. Overseas: £32.50 standard 
ay service, £50 express airmail. Cheques or bank 
drafts (in £ sterling only) payable to Everyday Pract- 
cal Electronics and sent to EFE Subscriptions Dept, 
Allen House, Ezst Borough, Wimborne, Dorset BH21 
1PE Tel: 01202 881749. Fax: 01202 811692. E-mail: 
subs@epemag.wimbome.co.uk Subscriptions start 
with the next available issus. We accept MasterCard 
or Visa. (For past issues see tha Back Issues page.) 
BINDERS 

Binders to hold one volume (12 issues] are avail- 
able from the above address. These are finished in 
blue pue, printed with the magazine logo in gold 
on the spine. Price £5.95 plus £3.50 post and pack- 
ing (for overseas readers the postage is £6.00 to 
everywhere except Australia and Papua New Guinea 
which cost £10.50). Normally sant within seven days 
but please allow Z5 days for delivery - more for 
Overseas orders. 

Payment in £ sterling only plaase. Visa and Master- 
Card accepted, minimum credit card order £5. Send, 
fax or phone your card number and card expiry date 
with your name, address etc. Or order on our secure 
setver via our web site. Overseas customers - your 
credit catd will be charged by the card provider in 
your local currency at the existing exchange rate. 


Everyday Practical:Electronics/ET1, Jupe 1999 


MILL LODGE, MILL LANE 
THORPE-LE-SOKEN, ESSEX CO16 '0ED 
Phane/Fax: (01255) 861161 


Editor: MIKE KENWARD 
Secretary: PAM BROWN 

Deputy Editor: DAVID BARRINGTON 
Technical Editor: JOHN BECKER 5 
On-Line Editor: ALAN WINSTANLEY 
Business Manager: DAVID J. LEAVER 
Subscriptions: MARILYN GOLDBERG 
Editorial: Wimborne (01202) 881749 


Advertisement Manager: i 
PETER J. MEW, Frinton (01255) 861161 


Advertisement Copy Controller; | 
PETER SHERIDAN, Wimborne (01202) 882299 


READERS’ ENQUIRIES 
E-mail: techdept@epemag.wimboriie.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of com- 
mercial equipment or the incorporation or 
modification of designs published in the 
magazine. We regret that we cannot provida 
data or answer queries on articles or projects 
that are more than five years old. Letters 
requiring à personal reply must be accom- 
panied by a stamped self-addressed en- 
velope or a self-addressed envelope and 
international reply coupons. Due to the cost 
we cannot reply to overseas queries by Fax. 
All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot, however, 
guarantee it end we cannot accept legal 
responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic components or 

kits for building tha projects featured, these 

can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts are 

still available before commencing any project 

in a back-dated issue. 


ADVERTISEMENTS 

E-mail: adverts(gepemag.wimborne.co.uk 
Although the proprietors and stafi of 
EVERYDAY PRACTICAL ELECTRONICS/ETI 
take reasonable precautions to protect the 
interests of readers by ensuring as far as 
practicable that advertisements are bona fide, 
the magazine and its Publishers cannot give 
any undertakings in respect of statements or 
claims made by advertisers, whether these 
advertisements are printed as part of the 
magazine, or in inserts. 

The Publishers regret that under no cir- 
cumstances will the magazine accept liability 
for non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. Legal 
remedies are available in respect of some of 
these circumstances, and readers who have 
compisints should first address them to the 
advertiser. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT ; 
We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised jn our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. Tne laws vary 
from country to country; overseas readers 
should:check local laws. 
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Starter Project - 


CLIPPING 
VIDED FADER 


BOBERT PENFOLD 


A new series of periodic articles in which we present a variety of 
simple-to-build and use projects especially suited for construction by 
those who are comparatively new to electronics and wish to build an 
interesting and inexpensive practical circuit that does not require a 
great deal of expertise or test equipment, and which is likély to work 
first time. Experienced constructors will undoubtedly find the designs 
useful as well — so it's something for everyone, we believe! 


ANY camcorders include a video 

M fader facility, but this is often in 
the form of a pushbutton control 

with a fixed rate of fade. A fader of this 
type is certainly usable, but offers no 
creative control to the user. This extremely 
simple video fader describe here has a 
conventional control knob that offers 
precise contro! over the fade characteristic. 
The circuit provides what is virtually a 
conventional fade io black action, bui the 
fading is provided by asymmetric clipping 
of the picture modulation rather than by 
auenuating it This method of fading 
operates in different manner to a conven- 
tional fader, and it produces a different 
effect on-screen when the picture is faded. 


FADER TYPES 

With a conventional fader the | 
complete modulation signal is still 
present even when the picture has 
been almost totally faded out, albeit 
in a very weak form. As the picture 
is faded you see a weaker and 
weaker version of it, but the picture 
is otherwise undistorted. 

With the clipping method, the 
brightest parts of the picture are 
faded first, then the mid-tones, and 
finally the darker areas. The picture 
collapses rather than fades from the 
screen. 

The fact that this is an 
unconventional form of fading does 
not mean that it is an inferior effect. 
This really boils down to a matter 
of taste. and both types of fade are 
perfecily usable. This project offers 
an interesting. altemative to a 
conventional video fade effect. and 
it costs very little to build. 

The fader circuit is designed for 
use with a standard UK PAL 
composite video signal. It is 
normally connected between the 
video oütput of the camcorder and 
the video input of a VCR, and is 
‘used when producing a tape of the 


best bits from the raw footage in the 
camcorder. However, it can also be 
connected between two VCRs or any items 
of video equipment that use the right form 
of video signal. lt is not suitable for use 
with equipment that uses any form of RGB 
signal, digital video signal, or separate 
synchronisation signals. 


SYSTEM OPERATION 


The waveforms of Fig.l show how the 
clipping process provides a fading action. 
In somewhat simplified form, these 
waveforms each represent two line scans. 
Each scan starts with a negative 
synchronisation pulse followed by a high 
frequency cólour burst signal. The rest of 
each line scan is the colour modulation, 
which is of the positive variety for the UK 


Fig.1. Example waveforms as the signal. is progressively 
clipped. 
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PAL system. In other words. the stronger 
the signal voltage. the brighter the screen af 
that point in the line. 

Waveform (a) shows the unprocessed 
composite video input signal. In waveform 
(B) the clipping process has just begun, and 
the asymmetric clipping process has flattened 
the positive peaks in the picture modulation. 
In the waveform (c) the picture has been 
almost completely faded to black by the 
heavy positive clipping, and in (d) the picture 
modulation has been removed completely. 


BE POSITIVE 


Note that symmetrical clipping would 
not give the desired result because it would 
commit both the picture modulation and 


the synchronisation pulses. This would 


produce a grossly unstable picture well. 
before the picture had been fully 
faded. 

A fader of this type. usually 
brings in the odd reader's letter 
pointing out that it cannot work. 
The point of contention is that the 
colour burst signal will start to 
become clipped before the picture 
is fully faded to black. This does 
indeed occur because, as will be 
apparent from the waveforms of 
Fig.l, the colour burst signal is 
positively building for 50 per cent 

of the time. 

| There is no danger of affecting 
the synchronisation pulses as 
these are always nepative and 
have no posiüve content. The 
distortion of the colour burst 
signal is unfortunate, but it does 
not actually siop the system from 
working properly. 5 

Some colour distortion will 
-occur, but only when the picture 
has been virtually faded to black. 
Some over-saturated colours are 
likely to be produced, but the 
picture will be so dark that you 
will have to look very close 
....| indeed to see them, 
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CIRCUIT OPERATION 


As will be apparent from the circuit 
diagram of Fig.2. the Clipping Video Fader 
is very simple indeed. There is only one 
active component, and this is transistor 
TRI. The circuit is basically just a buffer 
amplifier, which uses TR1 in the emitter 
follower mode. 

With the wiper (w) of potentiometer 
VRI at the bottom end of its track the 
circuit functions as a straightforward 
emitter follower stage and no fading is 
provided. As the wiper is moved further 
up VR1's track the bias voltage fed to TR1 
becomes higher, and it gets ever closer to 
the positive supply potential. The output 
voltage at the emitter (e) terminal of TR1 
is about 0-65V higher than the input 


voltage at its base (b). This factor, together ` 


with the high input bias level, makes if 
impossible for the output voltage from 
TR1 to go more than about one voit 
positive. 

Therefore. severe clipping of the picture 
modulation occurs. The clipping becomes 
heavier as the wiper is moved towards the 
top of the VR 1's track, and the positive part 
of the output waveform is totally removed 
when the wiper is at the top of the track. 

The positive picture modulation is 
removed by this clipping, but the negative 
synchronisation pulses are unaffected. In 
fact, the off-centre biasing provides a 
massive amount of "headroom" for 
negative-going signals, and ensures thai nó 
distortion of the synchronisarion pulses 
occurs. 

The current consumption of the circuit is 
largely dependent on the setting of fader 
control VRL. It is only about 3mA or so with 
the picture fully faded, but rises to about 
9mA or 10mA when no fading is used. 


COMPONENTS 


Resistors 


RY 1900 See ét. 
R2 120Q í E 
Ra 0x — TALK 
R5 5602 page 


R6 2k2 aed 
Al! 0-25W 5% carbon film or’batter. 


Potentiometer 


VR} 1k rotary ‘carbon, lin 
Capacitors i 
Ci 47 axial elect., 16V 
C2 10u radial elect, 25V 
c3 100s: radial elect., 
16V 


Semiconductor _ 
TR1 BC558 pnp transistor 


Miscellaneous a : 
Bi 12V (BXAA-size cells in 
plastic holder) 


81 s.p.s.L min. toggle 
Switch 
SK1, SK2 phono socket (2 off) 


Metal or plastic case, to suit (see text); 
O-1-inch pitch stripboard, 22 holesx18 
copper Strips; control knob; battery 
connector (PP3 type); connecting wire; 


solder, etc. 
£6.50 


Approx. Cost 
excluding case & batts 


Guidance Only 


Í OUTPUT 


A 


Fig.2. Complete circuit diagram for the Clipping Video Fader. 


CONSTRUCTION 

The component layout and wiring for the 
Clipping Video Fader project are shown in 
Fig.4, along with the trackside view of the 
siripboard. The board measures 22 holes by 
18 copper strips and there is just a single 
break in the copper strips. 

Construction of this board is extremely 
simple. and complete beginners should have 
no problems in building it. Transistor TR. in 
common with other semiconductor devices. 
is mare vulnerable to heat damage than most 
other types of component. Consequently. this 
should be left unti! all the other components 
and the solder pins have been fitted. 


mxc-czoanmonom»s 
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The solder pins are used at “the points 
where connections will be made to the 
controls. sockets, and battery. Single-sided 
pins Imm in diameter are required. “Tin” 
the tops of the pins with solder and it 
should then be easy to make reliable 
connections to them. 

The unit should fit into virtually any 
small to medium size case, but make sure 
that you select a case that can 
accommodate the rather bulky battery 
pack. In theory there is some advantage in 
using a metal case that will screen the 
Circuit from any sources of electrical 
"interference; but in practice an inexpensive 


Fig.3. Stripboard topside component layout, underside copper track details and 
interwinng to oif-board components. Note the single break in the copper strips. 
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Only two components are mounted on the front panel of the 


finished Video Fader. 


plastic box is perfectly satisfactory for this 
type of project. 

Potentiometer VRI and switch S1 are 
Mounted on the front panel, but it is 
probably best to fit the two phono sockets 
(SK1 and SK2) on the rear panel, otherwise 
the connecting cables tend to get in the 
way. Bolt the stripboard panel on the base 
panel of the case using metric M2-5 or 6BA 
screws, and include spacers about. 6mm 
long to hold the board clear of the case, 


TESTING, TESTING 


Once completed, this unit requires no 
setting up and it is ready for immediate use. 
For initial testing it is advisable to use a 
VCR or camcorder as the signal source, 
and to monitor the output signal using a 
television or monitor. i 

Ordinary phono leads are used to 
provide the interconnections, although a 
phono-to-SCART lead may be needed 10 


(Right) Wiring from 
the completed 
circuit board to the 
Fader control 
potentiometer 
(VR1). Note the 
solder pins. 


make the connections to the television set 
or monitor. These days most camcorders 
are supplied with a selection of leads and 
adaptors, and the leads supplied with your 
camcorder will probably be sufficient to. 
wire everything together. 

With the output of the fader connected to 
a television or monitor the effect provided 
by adjusting VR| can be seen immediately, 
and it wil! be obvious if the unit is not. 
functioning properly. As with any project, 
if there is any sign of a malfunction switch 
off at once and re-check all the wiring. 

Tt is normal practice for the audio side of 


things to be handled by a separate audio 
mixer. If you do not wish to do things this 
way and would prefer to have an audio 
fader incorporated in this unit it is merely 


necessary to add the ultra-simple circuit of 
Fig.4. 


Fig.4. This simple circuit provides 
audio fading, but it is better to use an 
audio mixer to handle (e audio side of 
things. 


This is comprised of just a logarithmic 
potentiometer connected in standard 
volume control fashion. For stereo 
operation two of these circuits are required, 
one for each stereo channel. A dual-gang 
petentiometer should then be used so that 
the two.channels can be adjusted in unison. 


^ AN VY en - 
€» NEXT 
Le STARTER ~- 


L.E.D. STROBOSCOPE 


Final positioning and wiring of components inside the completed model. Note how 
the phono sockets, mounted on the rear panel, and circuit board are located 
towards one side of the metal case. This is to allow sufficient space for the 8-cell 
battery pack. 


Don't miss out! 
See your Newsagent NOW! 
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A roundup of the latest Everyday 


News from the worid of 


electronics 


BIOMETRIC PC SECURITY IS HERE 


Long awaited, biometric security comes out of the lab and into 
the small office. Barry Fox reports. 


RECENT survey of 1000 North 

American companies by Ernst and 
Young showed that more than half had 
suffered heavy losses caused by breach- 
es of computer security. The US govern- 
meni has initiated a standard which lets 
the owner of a PC ensure than no-one 
else can start it up. As a result, a wide 
range of technologies, which check a 
user's fingerprint, eye iris pattern, voice 
or facial features, is now on its way. 

Most PCs, and the software they use, 
let the owner set an alphanumeric pass- 
word. The PC automatically encrypts all 
data as it is stored, and de-encryprs only 
when the rightful user enrers the correct 

assword. Losing the password means 
mom the data, so many people com- 
promise security by using simple pass- 
swords, like their own name, or sticking 
a note on their PC, so as not to forget 
the access code. 

The military and national security 
services have used biometric systems for 
ten years, bur the cost has been too high 
for small businesses or cash-strapped 
medical and social services, which must 
also store sensitive personal data. 


HA-API 

Three years ago the US government 
created the Biometric Consortium to set 
an industry standard, the Human 
Authentication Application Program- 
ming Interface, which lets any propri- 
etary biometric identification system 
connect to a PC through its standard 
ports and "plug in" to a PC's existing. 
operating system software. The HA-API 
also lets more than one system control a 
PC, so that users may have to pass sev— 
eral different checks before accessing 
stored data. (Ref: www.biometrics.org). 

A 128-bit éncryption key is used for 
systems sold in the US, but export soft- 
ware is limited to 40-bit because the US 
government still classifies high level 
encryption as munitions unless special 
clearance is given. 

Compaq claims to be first on the 
market with a fingerprint reader that 
costs under $100. The device works like 
a miniature scanner and plugs into the 
printer port of a PC. The first batch hit 
the European shops recently. NEC says 
it is now developing inrelligent software 
which distinguishes individual fingers, 
so that the user can open a file by touch- 
ing the sensor with one finger and log 
onto the Internet by touching with 
anothér. 

Net Nanny of Vancouver does not 
miecd a. print reader. The PC analyses the 


user's typing rhythm when entering. a 
password. If che rhythm is wrong the 
password does not work. 


Korean giant LG Electronics and 


TriScan of New Jersey, will soon 
launch eye recognition systems. The 
user looks into a digital video camera 


which captures an image of the iris, 


the coloured ring around the pupil, 
and stores 256 variables as a 512-byte 
file. The PC will only work when it 
sees a matching pattern. The probabil- 
ity of rwo different irises giving the 
same code is 1-in- 1073. 


For your voice only 

Safelink of Tampa, Florida has been 
working with Belgian company Lernout 
and Hauspie on a security system which 
uses L&cH’s speech recognition rechnol- 
ogy to check a user’s voice against a 
stored recording. The Saferylatch soft- 
ware will use an ordinary microphone 
and sound card, and sell for under 
$100. The system can be used with a 
laptop so that dara is secure if a trav- 
eller's PC is stolen. 

Visionics of New Jersey, and the 
Polaroid Corporation, claim 99-99 
per cent accuracy with their jointly- 


Easy-PC Lives! 
SOME time ago, to our regret, we 
learnt that Number One Systems, the 
Easy-PC PCB CAD system engineers, 
had ceased trading. They had been 
around for well over a decade and 


had a rangé of well-respected software 


products. 

However, we are pleased to learn 
that, in fact, Easy-PC stills lives and that 
Number One Systems is now owned by 
Sightmagic Ltd, a software development 
company. Sightmagic boasts over 120 
man-years experience in déveloping 
software for PCB layout generation. Of 
particular and immediate interest to 
Easy-PC users is the new Windows 
upgrade of the product. 

Many enhancements to the software 

have been added, and prices starr from 
as low as £127 for the Easy-PC 500 For 
Windows version. Even the fully 
equipped (unlimited) variant is only 
£397 at the present time. 
_ For more information, 
Sightmagic Ltd., Dept EPE, Oak Lane, 
Bredon, Tewkesbury, Glos GL20 7LR. 
Tel: 01684 773662. Fax: 01684 
773664. Web: www.numberone:com. 
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developed Facelt which checks the 
user's entire face. A digital video 
camera takes a mug shot and the PC 
extracts a face print which "logs all 
facial features. The PC will then only 
work when the user's face fits. 

Even the tightest biometric security 
cannot protect data if the legitimate 
user logs on and then leaves the PC 
unattended, for instance if sidetracked 
by the boss while fetching a cup of cof- 
fee. RF Ideas of Illinois has developed 
Air ID to solve the problem. 

A radio transmitter, the size of a ciga- 
rette packet, plugs into the PC’s serial 
port and transmits coded query signals 
as soon as the PC keyboard or mouse 
has been idle for a couple of minutes. 
The user wears a pendant or badge with 
a radio transponder which transmits 
matching signals whenever it receives 
the query codes from the PC. 

While it gets a response he PC 
remains active. But as soon as there is 
no return code the PC shuts down, 
and cannot be used again until the 
owner has passed a biometric test. 
The transmitters are very weak so that 
the codes only work if the user is close 
to the PC. 


LIVE NET 
CHAT 


BRITISH Telecom has announced 
that it now makes it easy for surfers to 
speak to each other over the Internet. 
BT Internet launched its new Voice- 
over-Internet service on 16 April. The 
service is aimed at putting its cus- 
tomers at the forefront of the next 
“communications revolution’ by 
enabling them to make and receive 
good quality calls between each 
other while simulraneously-surfing the 
Net. 

BT Internet's home page features an 
icon that will lead customers through 
setting up and using the Voice-over- 
Interner service. Users need a multime- 
dia PC with microphone and speakers, 
which are standard with most modern 
PCs. Best performance, say BT, is 
obtained using appropriate headsets 
which are widely available from high 
street stores. 

For more information about BT 
Internet, phone 0800 800 001 or visit 
www. btinternet.com; 
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PICO TECHNOLOGY, renowned leaders in the field of virtual instruments 
for data acquisition, have published their latest catalogue. It is a 24-page A4: 
production (and very colourful too!) with an amazing selection of virtual: 
instruments for use with your computer. 

Amongst them are oscilloscopes, spectrum analysers, meters, analogue- 
to-digital converters, hand-held oscilloscope probes, temperature and 
humidity monitors and converters, pressure and energy monitors, signal 
conditioners, voltage/current converters, and more, plus a range of acces- 
sories. It seems fair to say that if a situation is suited to being monitored and 
displayed on a computer, Pico have the interface that permits it, and at some 
astonishingly good vaiue prices! 

Pico pride themselves on being recognised for their innovative low-cost 
alternatives to traditional test equipment and data acquisition products. If you 
have a computer in your workroom (and who hasn't these days?) you too 
can use it with Pico products to inexpensively enhance your testing and 
monitoring facilities. 

For your copy of Pico's catalogue, contact Pico Technology Ltd., Dept 
EPE, 149-151 St Neots Road, Hardwick, Cambridge CB3 7Qu. Tel:.01954 
| 211716. Fax: 01954 211880. E-mail: Post@picotech.co.uk. Web: 

www.picotech.com. d 


UK Microsatellite Constellation 


THE University of Surrey has been 
awarded a contract to build six 
enhanced microsatellites. Their associ- 
ated company, Surrey Satellite 
Technology Ltd., has been awarded the 
contract by DBS Industries Inc, USA, 
under which they will build the constel- 
lation of satellites to target hard-to- 
locate utility meters, such as gas and 
electricicy and other fixed assets. 
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At first the sarellites will cover rhe 
USA and then, as permits are obtained, 
other countries around the world. The 
microsatellites are planned for launch 


on Rockot in the first quarter of 2001. 


With dimensions of 600mmxó00mmx 
700mm, each will carry a 1-5 metre 
VHF antenna and a cold gas propulsion 
system. The total launch mass will be 
130kg. 


PHOTO CD 
RETURNS 


By Barry Fox 


KODAK is test-marketing a re-packaged 
version of failed Photo CD. Adverts in 
the national press offer photographers 
the chance to have their pictures 
scanned onto a floppy disk as well as 
printed onto paper. 

Kodak launched Photo CD in 1992. 
Photographers used conventional 
35mm film which Kodak's labs 
‘processed and scanned onto a CD- 
ROM. The photographer then used a 
standalone Photo CD player to view the 
pictures on TV. 

The system flopped because con- 
$umers want paper prints, not haye to 
spend £300 on a player and connect it 
io a TV set. Photo CD was later re- 
vamped for use with a PC, CD-ROM 
drive and reader software, bur it has 
had only limited commercial success. 

The latest idea is called Picture Disk. 
The photographer still uses conven- 
tional 35mm film. Kodak processes it 
and sends back a set of paper prints 
and a standard floppy disk which 
holds the same images. These are 
coded in standard JPEG format and 
the disk also contains reader software 
that works on any PC with a '486 or 
better processor. 

One 1-4MB floppy can hold 28 
images. of around 50KB each. Kodak 
accepts thar this gives only “low resolu- 
tion” bur the compressed files are 
“ready for Internet use on web pages 
and E-mail". 

A spokesman says that "Picture Disk 
was never actually released”, even 
though the trial adverts refer to a "nor- 
mal price" of £11.99 with special offer 
of £3.99. 

Kodak's Consumer imaging division 
i$ now evaluating consumer response 
before deciding whether to launch 
Picture Disk as a full consumer 
service. 


LJ LJ 
Radiometrix 
ON the subject of radio control, one of 
the companies who specialise in such. 
modules is Radiometrix, who have sent 
us a bundle of data booklets about their. 
products. Featured in the data are UHF 
modules tuned not only to comply with 
(UK regulations, but also others that are 
tuned to suit the European mainland. 
Evaluation kits are included in the range, 
including some that are PIC microcon- 
trolled. If this is a technology you want 
to become more involved with, 

Radiometrix can probably help you. 


For more information contact 
Radiomerrix, Dept EPE, Hartcran 
House, Gibbs Couch, Carpenders 


Park, Watford, Herts WD1 SEZ. Tel: 
0181 428 1220. Fax: 0181 428 1221. 
E-mail: sales@radiometrix.co.uk. Web: 
heep://www.radiomerrix.co.uk. 
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Including NEW SIMULATOR 


PRO S IC 


Simulation 


€ Berkeley SPIGESF5 analogue simulation Kernel, 

€ True mixedimode simulation. 

® New analysis (ypesiiiglude multi-plot'sweeps, transfer 
curves, distortion afid impedance plots. 

e Active Components: Switches, Pots etc. 

Over 11000 new library parts with SPICE models. 

® Greater ease ofilise. 


“a constant. . . —— 
— high level 
sr capability ,. oughout” 


EWW CAD Review Round Up September 1998 


CXTRA E cca | 'Schematic Capture à | 


€ Produces attractive schematics like in the:magazines: 

e Netlist, Parts List & ERG reports. 

® Hierarchical Design, 

'® Full support for buses includifigibus pins. 

e Extensive eomponent/model libraries. 

€ Advanced Property Management, 1 

e Seamless integratiamwith simulation and PCB designi 
PCB Desig 


EH - 


e Automatic‘ Component Placement. 
e Rip-Up & Retry Autorouter with tidy pass. 
e Pinswap/Gateswap Optimizer & Back-Annotation. 


“the e 32 bi€high resolution database. 
' r ws. e FulliBRC and Connectivity Checking. 
B EST all-round e Shape based gridless power planes. 


PROGRAM” e Gerber and DXF Import capability. 


EWW CAD Review Round Up September 1998 Available In 5 levels - prices from £295 to £1625 + VAT. 
Call now for further information & upgrade prices. 


Write, phone or fax for your free demoidisk, or ask about our full evaluation kit. 
— ES Tel: 01756 753440. Fax: 01756 752857. EMAIL: info@labcenter.couk 
€ ( e Géi ia (^ 53-55 Main St, Grassingtom, BD23 SAA: mu Hifp: www. labcenter.co, uk 


EX: " Fully interactive demo versions available for download from our WWW site. 
Gecke cec t OTN. Pc S ‘Call for educational, multi-user and dealert pricing - new dealers always wanted. 
Prices exclude VAT and delivery, All manufacturer's trademarks acknowledged 


88-108MHz FM Professional 
Broadcast Transmitter Kits 


E systems now available. 

è FM transmitter Kits from just 

e Professionally built FM 
transmitters from only ! 

è Inexpensive : | transmitter kits 
available. 

E kits: up to power! 

ə Professional systems available: Up 
to 

€ Professional Li 5 available. 

e Wide range of Aerials and 
Accessories available. 

e | RF components available: 

competitive prices. 


Many of our professional ine: 
transmitters now feature the amazing PLL 
Pro li, and also offer performance and stability 
previously impossible at this price! 


|| Boxed Transmitters From oni 


Contact Us: Tel. (UK) 


18 Victoria St. 01274 816200 
Queensbury, (24 Hour) 
Bradford, N j 
West Yorks. 
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à ERE is always pressure on electronics 

designers to fit increasing amounts of 
electronics into even smaller packages. 
Any electronics designer today will say 
that even though the level of integration is 
increasing. there is always a problem try- 
ing to fit all the electronics onto a given 
board because greater levels of functional- 
ity are needed. 

There are a number of methods that are 
employed to relieve the probiem. Tracks 
on the printed circuit boards can be made 
thinner. Via holes passing from one layer 
to another can be made smaller, or buried 
within the circuit board itself if they con- 
nect two internal layers. 

Using smaller components can make fur- 
ther improvements. Resistors and capaci- 
tors, for example. can be reduced in size. 
Some years ago these components had 
leads that were placed through holes in the 
boards. The introduction of surface mount 
technology lead to a quantum leap in size 
reduction. Now even these coniponcnits arë 
being made even smaller. 

Integrated circuits have also reduced ‘in 
size with the introduction of surface mount 
technology. Dual-in-line packages havé 
given way to a variety of surface mount 
packages. 

However, in just the same way that sur- 
face mount was a major step forwards, so 
further advances need to be made if the 
trend of miniaturisation is to continue: 


Package Size 


One area that is being investigated is in 
the use of i. packages. Here a large 
amount of space is wasted, and this 
becomes particularly crucial if the package 
is only used to contain a comparatively 
simple function. 

In many designs there are a large number 
of these i.c.s because it is not possible to 
place all the circuitry onto one chip. This 
can result from the fact that a proprietary 
chip is used and, by its very nature, it will 
be general and no: all the functions for the 
Specific application will be included, 

Alternatively. when ASICs or other 
application specific chips are used it may 
not be possible to include everything 
because the number of pins on the package 
is limited. In cases like these. i.c.s with rel- 
atively low levels of integration are often 
needed to complete these circuits. 

Where relatively low levels of integra- 
tion are employed it is found that the pack- 
age is much larger than the chip itself. This 
results in a very poor utilisation of the 
board area. 

To increase the levels of miniaturisation 
that can be achieved, one manufacturer has 
taken a new look at the way in which i.c.s 
can be packaged. This has resulted in a 


. New Technology 


A remarkable encapsulation innovation heralds 
even smaller ic. packages reports lan Poole. 


new method of packaging these small 
chips so that they take up considerably less 
space on the board, whilst retaining the 
low cost of the packaging. 


CSP 


A company named Shelicase, located in 
Jerusalem. Israel, has undertaken develop- 
ment of a new package. Named a Chip Size 
Package (CSP), this new idea allows chips to 
be mounted in simple packages that are litle 
more than the size of the silicon itself. Not 
only is the board area used kept to a mini- 
mum, but so is the height, and in some appli- 
cations this can also be critical. The wafer 
level technology employed in the manufac- 
luring process produces CSPs that measure 


between 300 and 700 microns in height. 


EXTERNAL SCADER 
7 BAL CONTACTS 


Fig.1. Cross section of the chip size 
package. 


The new package essentially consists of 
the bare chip sandwiched between two thim 
layers of glass to provide the environmen- 
tal protection that is required. Solder bails 
deposited onto comtact regions of the pack= 
age enable connections to be made to the 
chip itself. These connect to the printed 
circuit board in the same way that a ball 
grid array (BGA) does today. 


Manufacture 


One of the keys to the success of thé new 
system is that the packaging takes place at 
wafer level, thereby significantly reducing 
the costs. The technique also uses semi- 
conductor-like processes. enabling ii to be 
introduced into fabrication planfs without 
the levels of investment required for other 
processes. 

The manufacturing process contains a 
number of steps and a representation of the 
finished package is shown in Fig.1. First a 
thin protective glass layer is bonded to the 
active side of the silicon wafer with an 
epoxy adhesive. Next the silicon material 


between the dies is etched away. leaving 


the individual i.c.s attached to the glass. 

At this stage, the grooves between the 
dies are filled with an inert material and a 
second thin glass cover is bonded onto the 
other side of the silicon dies. In this way a 
complete enclosure is obtained. 
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Next an organic Jayer is applied and pat- 
terned. This acts as a compliant layer 
underneath the solder joints when equip- 
ment manufacturers place the CSP onto a 
board during p.c.b. assembly. 

The connections need to be added. The 
first step is achieved by drawing deep 
notches between the dies revealing the 
cross sections of the i.c. connection points. 
A metal layer is added to create the con- 
nection pads, and create the connections 
from (ele, termination points on the chip 
itself. The correct pattem for this is 
defined using photolithography. 

Finally. the connection pads have the 
solder applied and melted into the famil- 
iar solder balls that are normally associat- 
ed with BGA packages. When this is 
complete. the wafers are diced to produce 
the individual chip-sized encapsülatéd 
LGS, 


Advantages 


Apart from the obvious advantages of 
the reduced package size. the new CSPs 
offer a few other benefits. For high fre- 


quency and high speed applications the 


CSP offers even shorter lead lengths to 
reduce the level of parasitic capacitance 
and inductance, enabling the chips to oper- 
ate to their full potential. The process also 
offers excellent thermal dissipation capa- 
bilities. This aspect needs to be considered 
for a number of applications where heat 
needs to be removed efficiently for the cor- 


‘rect Operation of the chips. 


The process is very flexible, allowing a 
fast transition trom one product to another 
merely by changing the mask set. 

Production line flexibility is particularly 
important where smail volumes are manu- 
factured. If the changeover or set-up times 


are long then these can add significantly to 
the overall costs of the product. A further 
'cost saving is made by the fact that the 


process uses standard processing 


«techniques and equipment. 


Outlook 

This new technique has been swifily 
taken up. Xicor are now working with 
Shellcase and they plan to launch a family 
of serial EEPROMs in the near future. The 
joint venture has built upon the original 
work underiaken by Shellcase and has 
made a number of improvements. 
Compliant layers have been introduced 
under the solder balls to reduce stress and 
a beuer passivation layer prevents mois- 
ture ingress. 

Both of these improvements will enable 
the long term reliability of chips using this 
package tó be improved. Further details 
can be obtained by E-mail from 
marketad@shellcase.com. 
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 INGENUIT UIT 
UNLIMITED 


V/A  Ourregular round-up of readers’ own circuits. We pay 
| between £10 and £50 for all material published, depending 
— on ME and technical merit. We're poing fer BT 
N Kee ¢ applications and circuit tips, not simply mechanical or 
4 3 Hi ee »5 electrical ideas. Ideas D. be the reader's own work and 
"I ; a not have been submitted for publication elsewhere. The 
circuits shown have NOT been proven by us. /ngenuity 
Unlimited i$ open to ALL abilities, but items for 
consideration in this column should preferably be typed or 
AC -word-processed, with a brief circuit description (between 
j || j 100 and 500 words maximum) and full circuit diagram 
A showing all relevant component values. Please draw all 
circuit schematics as clearly as possible. 


Send your circuit ideas to: Alan Winstanley, Ingenuity 
Unlimited, Wimborne Publishing Ltd., Allen House, East 
‘Borough, Wimborne, Dorset BH21 1PF. 

They could earn you some real cash and a prize! 


Car Auxiliary Power Protection 
= Keep A Check On Your Battery 


CiRCUIT design intended to protect a 12V 
vehicle battery from discharging below 
approximately 11-5V is given in Fig.l. The 
voltage sensor chip ICL8212, ICI, monitors 
the voltage and turns off the relay RLA to 
disconnect the load when the voltage drops to 
aset level. Be 
In use, the load is connected to the 12V 
battery via the normally-open relay contacts 
RLA|. The Start switch S1 is then closed 
which temporarily shorts out resistor R1. 
This causes the output (pin 4) of ICI to 
£o low, sinking current and the transistor 


TR1 switches on, powering the relay and 
completing the load circuit. With the relay 
operated the circuit uses around 50mA, fall- 
ing to around 36u A after the relay switches 
out. 

When the voltage on the threshold pin (3) 
of IC! drops to à value corresponding to 
approximately 11-5V at the battery, pin 4 
goes high and the relay de-energises, cutting 
the supply to the load: Thé battery is thus 
disconnected. 

The reason for the pushswitch S1 is to 
send the threshold pin (3) high when a 


Fig. Ja. Circuit diagram for a Car Auxiliary Power Protection and (b) using 
s double-pole or changeover relay to provide a battery charger controller 
facility. 
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WIN A PICO PC BASED 
OSCILLOSCOPE 

€ 50MSPS Dual Channel Storage 
Oscilloscope e 25MHz Spectrum Analyser 
e Multimeter e Frequency Meter 
o Signal Generator 
If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 
PC based osaitioscope could be yours. 

Every six months, Pico Hoa pe wil be 
awarding an ADC200-50 digital storage 
oscilloscope for the best IU submission. In 
addition, two single channel ADC-40s will be 
presented to the runners up. 


normal baticry voltage is assumed: once 
resistor Rl is in circuit, a much higher 
battery voltage would then be needed to 
take pin 3 high. Once the falling battery 
voltage has eaused the relay to drop out. the 
circuit will not be reactivated by the in- 
crease in battery voltage which will occur 
when the battery goes off load. 

With the resistor values shown the volt- 
age to take ICI pin 3 high without using the 
switch would be around 16V. and the volt- 
age to take it low is LI-5V. 


On Charge 

The circuit cai be adapted to form à 
Battery Charger Controller, so that a battery 
can be left permanently connected to a 
charger and ‘‘conditioned** when not in use. 
Pushswitch Sl is omitted and resistor R1 


‘should be exchanged for a 500 ohm preset 


potentiometer, wired as a variable resistor, 
plus a 2-7 kilohm fixed resistor (in series). 
Resistor R2 should also be changed to a 2-7 
kilohm preset (also wired as a variable 
resistor) in series with a 12 Kilohm fixed 
resistor. 

Normmally-closed  (n.c) relay contacts 
RLA? connect the charger (see inset Fig.1b) 
and normally-open (n.o.) contacts RLA2 can 
provide an optional load for the battery. The 
batiery should be fully charged prior to 
adding the controller. 

The charger will be switched off at 14V 
battery voltage and switch on again when the 
batiery voltage drops to roughly 12V, às 
determined by the resistors which set the 


upper and lower limits. lt is probably best to 


set to a low charge rate once the battery is 

fully charged, to prevent it rapidly cycling off 

and on. Setting up is best achieved with a 

variable PSU, noting that the Led D2 will be 
on when the charger is off. 

LM. Tasker, 

Granthain, Lincs. 


WARNING 
Care must always be taken when 
dealing with lead acid batteries, to 
avoid accidental burns or shorts with 


wristwatches, bracelets etc., or ignition 
caused by electrical sparks; of any 
hydrogen gas emitted by the cells — 
ARW. 
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Metal Detector Adaptor — Tune-in To Those Hidden Objects 


A SIMPLE way of adapting a Walkman-type 
WX of personal radio for use as a metal 
detector is suggested in circuit diagram Fig.2. 
No electrical connections are required as the 
circuit is coupled via a coil. 

The design is based upon a Hartley os- 
cillator formed from transistor TR! and as- 
sociated components. The oscillator coil is 
approximately 200mm (8in.) in diameter and 
it also acts as the search coil. 

Good sensitivity is obtained and a search 
depth of several inches can be achieved. The 
circuit is powered from a 9V battery and 
details of the coil windings are shown in 
Fig.3. 

To set up the circuit, wrap the coupling 
aerial wire around your "` Walkman" and tune 
in a weak MW (a.m.) station. Switch on the 
detector circuit and adjust variable capacitor 
VC1 until an interference “beat” frequency is 
heard. This will sound like a Theremin! 

The Metal Detector can now be tested with 
a variety of metal objects, noting how 
the pitch of the beat frequency changes 


vct 
«o 


Fig.2. Simple Metal Detector Adaptor 
circuit diagram. 

accordingly with both ferrous and non- 
ferrous items. 


Fig. 3. Coil winding details for ithe 
Oscillator/search coi. 


Michael Roberison, 
Chasetown, Staffs 


Alarm Add-On 

— Be Protective 

Te CIRCUIT diagram shown in Fig.4 can 
protect exterior outhüildines and was 

designed to interface to a domestic alarm 

‘system. A resistive loop is used to protect 

items outside the house. and each item to be 

protected has some form of switch (magnetic 

switches scem to be the most reliable) with a 

resistor wired in series. 

When the loop is closed, this resistance 
forms part of a potential divider, the voltage 
of which is sensed by window comparator 
ICI. To set the system switch S} is opened, 
but the loop will not become active until 
capacitor C5 charges up via resistors R8 and 
R9 to the gate threshold of 1C2c. This acts as 
an exit delay (around 1-5 minutes), sufficient 
to get the car out of the garage for example. 

If the loop is shorted or opened the output 
of the appropriate comparator will go low. 


MAGNETIC 
Sve 
NSERES 


The output of 1C2a will then go high and 
consequently the output of IC2d will also go 
high. 

The MOSFET TR2 will now sound the 
warning buzzer WD} (mounted indoors) and 
also open the relay contacts which can be 
wired as one of the zones of a domestic alarm 
system. [t is best to have a delay on this zone 
‘to act as an entry period, or in the event of a 
real break-in it acts as a “‘silent alarm” 


INGENUITY UNLIMITED 
BE INTERACTIVE 
IU is your forum where you can offer other A 
readers the benetit of your Ingenuity. Share those ideas, de 
Cam some cash and possibly a prize! 


atd provides an opportunity to telephone the 
police before the main siren goes off. 

To set up the system, the loop is closed 
and preset potentiometer VRI is adjusted un- 
til test point TPI is at exactly half the supply 
voltage. The Led DI shows the state of the 
loop whether the system is switched on or 
off. 

e Duncan Boyd, 
Blackburn, West Lothian. 


Fig.4. Full circuit diagram for an Alarm Add-On for a domestic alarm &ysiem to help protect exterior outbuildings, 
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Special Feature 


ALAN DOWER 
BLUMLEIN 


BARRIE BLAKE-COLEMAN 


A Touch of Magic - Blumlein, a name known to 
few, but as significant to the progress of 
technology as any of the “greats” 


S A YOUNG development Engineer 
A in the Laboratories of a 
i arge industrial research and devel- 
opment unit in the carly seveniies, I lis- 
tened avidly to the old hands talking about 
their early experiences in both peace and 
war. One had the good fortune to have been 
at Bletchley Park, during WW2 and would 
modestly mention names such as Enigma, 
Turing and the Colossus digital computer 
project. 

Another was at Ferranti in the fifties and 
had worked on Pegasus, one of Britain's 
first commercial main frame computers. 
Others had stories about early television 
manufacturing with Ekco and some talked 
at length on the development of radar. 

What was interesting, however, was that 
they all knew a name I had never heard of, 
a man called Blumlein — Alan Dower 
Blumlein — and they hardly ever failed to 
mention this man other than in terms of 
admiration, deference or endearment. They 
said he was a genius and added a touch of 
inventive magic to anything he set his mind 
to. Even now, they said, people in EMI 
speak of him in hushed tones! 

Being young and with no background 
information I half suspected they were 
making more of matters than was justified. 
After all, if he had been that smart 1 would 
have heard of him wouldn't I? 

It was to be a good few years before I 
found out why I hadn't heard of him and 
that the regard my colleagues showed for 
Blumlein was wholiv justified. For all my 
skepticism, they had actually understated 
his brilliance. 


BLUMLEIN GENIUS 

Few will ever match A. D. Blumiein in 
his insight, breadth of knowledge or ability 
to solve problems in electronics and electri- 
cal engineering. If one defines genius as 
"original thought" then Blumlein had it in 
abundance. In a life that was cut shor dur- 
ing the Second World War, he created more 
in a career lasting only 17 years than the 
vast majority do collectively in a lifetime 
— one eminent author has said that he was 
more versatile, prolific and inventive than 
even Faraday. 

Blumlein either originated or made pro- 
found contributions to Telephony. 
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Monaural and Stereo Recording, 
Television, Radar, Amplificr technology, 
and Signal Processing circuits. In all 
Blumlein held 128 patents — on average 
“one for every six weeks of his working 
life" (Burns 1992). Of this it has been said 
(Lynch 1993) that "the sheer number of 
Blumlein's (successes and) patents should 
have made him famous — but it didn’t!” 

That he was hardly known by his con- 
lemporaries outside his small group. or by 
those he left behind after his untimely 
death, is more to do with historical circum- 
stances and bad timing than any judgment 
of his incredible ability. Add to this a cul- 
ture which is slow to acknowledge engi- 
neering celebrities (and tends to assume 
that modesty equates to lack of ability) and 
his lack of recognition is understandable. 

Blumlein's unsung standing had nothing 
to do with the tue priorities in history. If 
Blumlein had lived longer he would 
undoubtedly have become famous for his 
achievements — but after he was killed 
wartime restrictions meant no immediate 
public recognition. Though the few acade- 
mic papers he did publish were outstand- 
ing. they were sporadic (restricted by his 
employers) and he had insufficient academ- 
ic credentials and background to be feted 
by academic peers. 

Similarly. the esoteric nature of hi$ work 
meant that few understood, let alone 
admired, his abilities — and at his death 
there was no one with the immediate 
opportunity or mandate to collate or cham- 
pion his successes and accomplishments. 
As often happens. it took decades before 
his reputation emerged from anonymity. 


BEGINNINGS . 

Bom in London on 29 July 1903 at 
Netherhall Gardens, Hampstead, London, 
Alan Dower Blumlein was the son of a nat- 
uralised British father, Semmy Joseph 
Blumlein who had left his home in Alsace 
(then Germany) and, after training as a 
mining engineer, had lived in Manchester 
and South Africa. In South Africa he had 
met and married Jessie E. Dower, the 
daughter of the Reverend William Dower,.à 
Scottish missionary. 

Semmy had travelled extensively io sur- 
Vey appropriate mineral sites and to find 


the finance for their mining and exploita- 
tion. Semmy and Jessie Blumlein had set- 
tled in London before Alan was bom. 


-.. If one defines genius as “original 
thought" then Blumlein had it in 
abundance... 


Alan had the good fortune to find the 
fight schools. The first, Gothic House, was 
a preparatory school at which he was very 
happy. and in later years he would re-visit 
the school. On one such occasion he was to 
meet his future wife who was teaching 
there. After Gothic House he attended 
London House, described as a "progres- 
sive" — meaning that it allowed its pupils 


to do what they found stimulating. 


This suited Alan's intellectual develop- 
ment and he progressed well enough to be 
sént to Ovingdean. a "crammer" near 
Brighton. He was later offered scholarships 


at both Aldenham and Highgate and decid- 


ed on Highgate. Highgate was one of the 
great London boarding Schools anid under 
the leadership and direction of the Head, 
Dr. J. A. H. Johnston, it developed an out- 


‘standing reputation in science. 


One contemporary of Blumlein spoke of 


‘him as needing little in the way of instruc- 


tion — whilst others built model boats, 
Blumlein built a breathtakingly profession- 
al balance cabinet. Whilst others laboured 
with prep and experimental procedures, 
Alan was often seen relaxing having com: 
pleted his work seemingly without effort. 
However, though Alan was not particu- 


jarly happy at Highgate he matriculated 


with ease and entered the science sixth 
form without difficulty. He left Highgate 
in July of 1921 and with a Governors’ 
scholarship entered the electrical engineer- 
ing course at City and Guilds Engineering 
College, one of the then constituent 
colleges of Imperial College. 


INTELLECT 

Alan's intellect was immediately appar 
ent, a friend (I.L. Turnball) noted that for 
the first four months he teamed up with 
Alan to share the engineering exercises but 
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had to drop out af the partnership — he 
found it simply impossible to keep pace. As 
at Highgate, Alan hardly needed to exam- 
ine experimental directions — he tended to 
finish as others in the class were still read- 
ing the notes. 

Alan was not, however, the kind to create 
jealousy, he was "quite popular — mixed 
preity well — but did not suffer fools giad- 
ly”. He swam well and obtained Imperial 
College colours for swimming. 

Alan Dower Blumlein obtained his third 
year passes and was admitted as ACGI 
(Associate of the City and Guilds College) 
before graduating in July 1923 with a first 
class honours degree (external) in electrical 
engineering. Immediately following gradu- 
ation, Blumlein, along with A.R. van 


Warrington another graduate studeni, was: 


offered and accepted, a post at C&GEC as 
assistant demonstrator. 

He was insightful enough to choose fo 
work under Professor E. Mallet on telepho- 
ny and wireless telegraphy. even though his 
degree was in heavy engineering. Two 
research students working under Mallett 
were A.H. Reeves and G.F. Dutton. Reeves 
eventually joined Western Electric and 
went on to invent Pulse Code Modulation. 
Dutton was investigating the electrical 
reproduction of sound. Both men were 
involved in research which influenced 
Blumlein profoundly in later years. 

That Blumlein was broader and more 
comfortable with “light engineering” and 
electronics had not been lost on his 
College. With Mallett he devised a novel 
high frequency resistance measurement 
and read a paper covering its development 
at the IEE in January 1925. The paper was 
awarded a premium. However, Blumlein 
had reservations about an academic career 
and laying aside his demonstrator's mantle 
-he subsequently joined  Iniernational 
Western Electric, which was to become 
International Standard Electric Corporation 
and then (late in 1924) Standard 
Telephones and Cables. 


TRANSMISSION LINES 


Long distance telephony was becoming 
pan-European but it had its problems. 
Blumlein travelled to various locations to 
learn at first hand what problems éxisted in 
attempting to eliminate the “out of balance 
problems" in long transmission lines. 

Blumlein's vital work on the reduction 
of cross-talk and interference in telephony 
and his investigation of unbalanced capaci- 
ty in transmission lines led to the develop- 
ment of the transformer ratio arm bridge — 
a device which was to become a crucial 
piece of test apparatus in many electrical 
laboratories and field testing in telephony. 

In Switzerland he was highly regarded 
and thought of as quite brilliant. In England 
the value of his work was immediately 
recognised and resulted in his employers 
awarding him a year's salary (£250) for his 
efforts. This in any era would be valuable, 
but with the onset of the economic depres- 
sion of the twenties the award was manner 
from heaven. í 

In 1929, after five years with STC and a 
number of important investigations and 
patents in telephony, Blumlein found him- 
self invited to talk to Isaac (later Sir Isaac) 
Schoenberg. then technical director of -the 
British Columbia Graphephone Company. 


Columbia, like everyone else at the time 
involved in sound recording, were subject to 
licensing agreements with Bell 
Laboratories. In 1924 Bell Labs had intro- 
duced the first all-electrie recording system 
for the gramophone industry and had created 
a clean sweep of the whole technology. 

The Bell technology (the “Westem 
Electric") monophonic recording system 
was composed of a capacitive (condenser) 
microphone, linear high gain 
thermionic amplifiers and 
an exceptional moving- 
‘iron wax (disc) cutting 
unit with "an excellent 
(mechanical) damping 
system" for the cut- 
ier. Each licensee 
paid Bell Labs 
approximately one 
old penny (actual- s 
ly between 0-875d X 
and 125d  — 13 
approximately LS 
0-36p to 0-52p in VY 
new pence) per 
RITE a, Close-up of the origi- 
however, were "al stereo moving coil 
not prepared to. P/Ck-up. . 
go on paying Courtesy EMI Archives 
the fee and wanted to develop a royalty- 
free disc cutting and pressing system of 
their own. In attempting to extricate his 
company from the royalty trap, Schoenberg 
initially invited E.K. Sandemann from 
ISEC to join Columbia and tackle the 
development of a novel recording system to 
bypass the WE patents. 

Sandemann declined. but spoke to 
Blumlein about it. Remembering Dutton's 
work at Imperial, Blumlein wrote to 
Schoenberg. E. A. Nind, then at Columbia; 
recalls that two applications were actually 
received but. recollecting Blumlein from 
his college days, gave him preference and 
recommended him. 

At the interview, Schoenberg. was immedi- 
ately impressed with Blumlein and expressed 
his satisfaction with the young engineer's 
potential to resolve the sound recording prob- 
lem. It is reported (Lodge 1993) that 
Blumiein, on hearing Schoenberg's com- 
ments, retorted that Schoenberg might revise 
his opinion when he heard what salary 
Blumlein expected — Schoenberg's riposte 
was to offer substantially more than Blumlein 
was asking and Blumlein left Schoenberg's 
office a more than willing recruit. 


SOUND 
REPRODUCTION 


Working “al phenomenal speed” with-a 
small team which included an inspirational 
mechanical engineer called H.E. Holman, 
Blumlein set about circumventing the 
Western Electric Patents. The whole 
Western Electric sysiem was subject to one 
patent specification or another, and so they 
had to address the whole system from 
scratch. — including the wax master disc 
cutting apparatus and the microphones. 

The Western Electric system was reliant 
on mechanica! damping and Blumlein 
found no way around this. Instead, he 
decided on electromagnetic damping and 
began to develop a full moving coil drive 
which had a very light cutter made from a 
single turn of aluminium. This in turn lay in 


hes. 
fy 
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the field of a wound coil which das able to 
deliver enough power without any serious 
upper frequency losses. The method, in 
effect, was the same as a moving coil meter 
with the needle indicator being. in this 
instance, the cutter head. Initially, the axis 
of the field coil was horizontal but a verti- 
cal axis was eventually demonstrated as 
more effective. Spurious resonances were 
carefully designed out — a small shaft res- 
onance at 3kHz being eliminated by replac- 
ing steel nuts with ones made from 
platinum, thus increasing the 
mass/spring ratio above 
audible resonance. 
Blumlein 
also 


chose 
the moving coil 
principle for his micro- 
phone. In April of 1930 he began 
work on designing a microphone with 
a stiff ultra-light diaphragm and incorporat- 
ed a thin sheet of balsa wood between two 
very thin aluminium sheets, much like a 
sandwich. The restoring force of the 
diaphragm was simply produced by allow- 
ing the edge of the aluminium sandwich to 
overlap and then terminating at the edges 
by clamping the overlaying aluminium 
sheets in a two part frame. 

The voice coil mass and winding was 
also carefully managed — in all Blumlein 
iried over 20 different surrounds and cavi- 
ties beforé he was satisfied. Initially, the 
magnetic ficld was provided by a mains 
energised coil but by 1937 the later models 
of Blumlein’s design incorporated recently 
improved permanent magnets. 

The main resonance of the microphone 
was at SO0kHz and emanated from the 
diaphragm surround and the coil mass. This 
was set as the standard microphone reso- 
nance and could be adjusted by a screw on 
the diaphragm surround. 

The Western Electric Patents prevented 
the use of an air space between the 
diaphragm and magnet for damping, so the 
box dividing the microphone from its 
amplifier was used. All microphones were 
adjustable in terms of their resonant 
frequency and resonant peak value, so 
interchangeability was easy. 

Subsequently, Blumlein designed all thé 
intermediate audio amplifiers and gain con- 
trols, providing no! only a highly innova- 
tive system but a complete operational 
manual for end users. 

In August of 1930, 22 master discs were 
cut using both the standard Western 
Electric system and the new moving coil 
system. Subjective assessments resulted in 
the moving coil system being preferred in 
just over half of the recordings. In 
Decémber of 1930, tests were continued 
and a marked improvement was noted in 
March 1931 with redesigned microphones. 
The new system, designated HBIB (H for 
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Holman) was just being proved when 
Columbia merged with HMV. 


EMI FORMATION 


Columbia merged with His Masters 
Voice to form Electrical and Musical 
Industries (EMI) in April 1931. Schoenberg 
became director of research for EMI and 
Alan Bluniein was formally transferred to 
EMI from Columbia on the Ist of 
November 1931. Just prior io this 
(September 1931) Blumlein was awarded a 
bonus of £200 in recognition of his out- 
Standing work on the recording sysfem. 

HMV also had a formidable R&D team 
whose main interest (though sometimes 
unofficial) had been television. To the HMV 
team of C. O. Browne, J. Hardwicke and W. 
E. Tedham was added the brilliant Columbia 
group consisting of Blumlein, P. W. Willans, 
E. C. Cork. HE Holman and others. 

Still concemed with his recording 
research Blumlein went for another 
redesign of his cutter in early 1932. This 
unit, denoted as MC4, embodied ali that 
had been learnt to date and overcame the 
problem of location recording, made diffi- 
cult by the bulk and power requirements of 
the earlier marques. 

New record and replay amplifiers were 
designed, so too were high compliance 
moving magnet pickups. and Blumlein was 
also able to use the new PX25 audio power 
triodes just becoming available. He used 
Negative feedback extensively (his 
‘undoubted forte) to match and.load the new 
cutter assembly. 


PATENTING STEREO 


Schoenberg, now acting as Director of 

Advanced Development (and head of the 
EMI Patent department) was well able to 
take Blumlein's developments to their nat- 
ural conclusion. In December of 1931, after 
a series of six initial patents on the wax cut- 
ter, pickup and microphone, EMI filed 
Blumiein's "monumental" system specifi- 
cation (No: 294325) on binaural (stereo) 
recording and playback. The specification. 
covering almost every detail of stereo 
recording and reproduction. was intended. 
for ihe cinema but was equally applicable 
to home sound reproduction. Blumlein's 
master patent contained some 70 claims. 
. He had either experimental evidence, or 
had pre-calculated, the eftect of off-centre 
Sound sources on microphones, phase 
ambiguities, and integration and difference 
effects. He catered too for the conse- 
quences of employing either velocity or 
pressure microphones and the justification 
for using velocity microphones with their 
axes at right angles. 

In January 1932, Blumleéin started sterco 
recording experiments and in March 1932 
the first record/replay experiments were 
carried out in steréo. Further trials contin- 
ued until August 1933 when a binaural wax 
cutter was incorporated and eventually pro- 
duced (December 1933) six 10-inch stereo 
wax masters of EMI staff walking and talk- 
ing: Shellac pressings of these masters still 
survive. 

Later in December there was a demon- 
stration given w Schoenberg and other 
senior staff. A decision to take the appara- 
tus. to Abbey Road for studio testing was 
followed by tests on binaural film (some of 
this too survives). Then. in June of 1934, 
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A still from a film made ‘by EMI for testing cinema stereo soundtracks showing 
Blumlein (left) and colleague “walking and talking" as they cross the stage during 


the making of stereo demo wax masters. 


ahe binaural amplifiers were taken to be 
tested in conjunction with early television 


systems. Likewise, some effort was direct- 
ed at designing the sound system for the 
Alexandra Palace television studio. 

This venture into television was in no 
way disharmonious — even though he con- 
tinued to file patents on aspects of stereo 
reproduction up to 1934, by April of 1933 
Blumlein was giving much more of his 


time to the development of televisión. 


BLUMLEIN AND 
TELEVISION 


By 1934, Schoenberg was convinced that 


electronic television techniques were tech- 


nically within reach and had persuaded 
Louis Sterling, MD of EMI. to allocate in 
excess of two hundred thousand pounds to 
the Television research budget. No mean 
feat in such economically depressed times. 
Schoenberg recruited more people with 


‘academic research experience including J. 


D; McGee, L. F. Broadway, J. Cairns, F. H. 
Nicoll, J. L. Pawsey and H. G. Lubszynski. 
in ali, 23 graduate scientists and engi- 
neers, nine PhD's, 32 pre-graduate laborato- 
rv assistants, 33 instrument and toolmakers, 
glass blowers and machinists, eight draughts- 
men and nine female assistants were recruil- 
ed. G. E. Condliffe headed the Research 
Department Labs, though Blumlein had the 
same status and a roving brief. Blumlein was 
asked to consider the whole aspect of the 
development programme and contribute 
where he thought best. He had the authority 
to enter any of the research labs and grapple 
with.current problems. 
. Most of the EMI team were physicists. 
Blumlein, however, with his telephony and 
“light current” background was at this time 
at the cutting edge of innovative circuit 
design. He was the group's authority on 
valve and circuit design applications. From 
him came the inventive application of neg: 


‘ative feedback, artificial delay lines, the 


theory of stabilisation and filter theory. 
Blumlein insisted on a predictable per- 


formance of his circuits based on circuit 


analysis. — his approach to linearising 
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amplifier stages, using negative feedback, 
created a culture of “designability” — Le. 
secking to eliminate the need for post 
assembly test or preset adjustment of cir: 
cuits. It is significant that his first patent 
describing negative feedback was pub- 
lished as early as September 1933. The 
method had only been recently suggested 
(in 1932) by Nyquist, and Blumlein was 
four to six months ahead of a complete 
analysis published by Black in December 
of 1933. 


TV SYSTEM 
DEVELOPMENT 


Blumlein maintained à complété 
overview of the whole TV system under 
development. He had long and involved 
discussions with McGee in an attempt to 
unravel the complications of the EMI 
Emitron camera then under development. 

Not being a vacuum physicist, Blumlein 
became involved in a cross-insiructional 
exercise with McGee, who learnt d lot about 
electronics from Blumlein, whilst Blumlein 
himself was schooled by McGee in the 
process and problems of secondary emission 
in high voltage cathode ray tubes (CRT). 
Nevertheless, even with their introduction of 
“cathode potential stabilisation", much 
more needed to be done to get the electron 
beam from the cathode to uniformly hit 
every spot on the photo-mosaie (the CPS 
Emitron took another 14 years of develop- 
ment before commercial operation ~at the 
televised 1948 Olympics in London). 

Blunilein's first patent in television cov- 
ered an energy-efficient line-frequency 


‘scanning circuit for generating a sawtooth 


waveform to CRT scanning coils. He also 
devised a linear frame scan circuit which 
depended on the anode-grid capacitance in 
the valve. lt became known not as the 
“Blumlein integrator" but the "Miller 
Integrator" — wrongly, but simply because 
John Miller had been the firs! to point out 
the existence and effect of inter-grid and 
grid-anode capacitance in 1919. ` 
Though in this particular instance to be 
Out-famed by Miller, Blumlein is still 
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‘credited with the much more important 
cathode follower circuit. This brilliant 
piece of insight used the cathode resistor of 
a lineár valve stage as the source imped- 
ance for the next. Using this configuration 
achieved a voltage source of very low 
impedance (= 1/gm) without any apprecia~ 
ble phase inversion of the signal. 

More famous, however, was the 
Blumlein "long-tail pair", now so ubiqui- 
tous in electronics for impedance matching, 
phase reversion, signal mixing and com- 
mon-mode rejection. He first devised this 
"common-cathode" circuit to solve signal 
problems on the eighi-mile twin video 
cable used to televise the 1937 coronation 
procession of King George VI which 
wound its way from Hyde Park comer to 
Alexandra Palace. Blumlein patented the 
long tail pair circuit in July of 1936. 


ALEXANDRA PALACE 


Then Blumlein was thrown in at the deep 
end, in being asked to redesign the trans- 
mitter stages for the Alexandra Palace TV 
transmitter. The output stage itself was a 
17kW, 45MHz Marconi device with the 
modulator attempting to deliver 1400V into 
the output stage grid — in effect, a non-lin- 
ear resistive load shunting aboui 300 pico- 
farads up to 2-3MHz. The cathode of the 
output stage required 30A at 18V, but the 
supply had to be insulated from earth and 
'have as low a stray capacitance as possible. 

His solution was to emplov an isolated 
d.c. generator using a water-cooled CAT6 
triode as a cathode follower and a Blumlein 
"stand off constant resistance circuit to 
eliminate the dynamo's capacitive loading. 
This exercise has been described as “a real- 
ly heroic bit of engineering". 

Aerial desien was next, Blumlein had 
ideas about “reciprocity” in circuits — thus 
came the "resonant slot aerial", described 
as "the most important technical advance in 
the field of antennas in the 1930s”. 

But it was in the area of general system 
design for TV that Blumlein gave his great- 
est perception and ability. One Sunday in 
November of 1934 Blumlein met with five 
of his team at his house to plan the circuits 
for the EMI TV system. Thus began the 
development process that was to be embod- 
ied in his approach to the signal configura- 
tion and waveform structure for the EMI 
broadcasting principle, which was eventu- 
ally described in Part | of Blumlein's 1938 
trilogy of TEE papers on the "405-line 
sequential" TV system. 

The best definition possible at the time 
was determined by the electron-optics of 
the camera system and the receiver, and the 
video performance of the video circuits 
employed. The signal bandwidth could not 
be extended indefinitely. What was possi- 
ble was set by the choice of scanning lines 
=the bandwidth increased with the square 
of the number of lines but could not go on 
indefinitely since each scanning line width 
was governed by the ability of the HT sup- 
ply and electron optics to resolve a small 
spot (pixel or “picture élement") on the 
display tube. 

Baird's mechanical system had 243 lines 
interlaced but this was no good for an elec- 
tronic system because it limited the poten- 
tial resolution and required simple divider 
Circuits to produce the scan waveform. 
Initially, each divider stage was indeed set 


early in 1938, 


10 three, giving 3°=243 as in the mechani- 
cal method but this was far too low for a 
high definition system. 7° gave 343 lines 
whilst 77x3? gave 441. In the end, the lim- 
its set were achieved by the simple expedi- 
ent of having just one odd divider circuit — 
thus 3*x5=405. 

The bandwidth, including sound, video 
modulation and synchronisation. was well 
within bounds at some 3MHz. This 
approach was tried. and gave sufficiently 
good results with the experimental Emitron 
cameras for Schoenberg to give the go- 
ahead. The 405-line standard lasted some 
50 years! 


RADAR DEVELOPMENT 

Despite EMI's vast experience in high 
frequency transmission, only Marconi and 
Metropolitan Vickers had received con- 
tracts 10 pursue radar systems by the time 
war broke out in 1939. It was later said that, 
though EMI were an obvious choice for 
involvement, government scientists were 
under "some kind of restraint” not 
to talk to them! 

Nevertheless, becoming aware of 
the secret of radar, EMI set up a pri- 
vate venture and by 1939 had devel- 
oped its own 60MHz radar system. 
Much of it stemmed from 
Blumlein's work on sound location 
of aircraft which he had sianed 


As ihe war entered its first stages, 
the system known as AI (Airborne 
Interception), developed by E. G. 
Brown und his team at Bawdsey, 
was being evaluated. The Mark III 
Al apparatus had a minimum range of 
330m —not good enough for night 
fighters which needed to be as close as 130 
metres before there was a chance of visual 
contact. 

Because of EMI's demonstration of the 
60MHz radar, they were invited to partici- 
pale in improving the Mark Ill AI radar. 
Blumlein designed an entirely novel trans- 
mitter modulator which allowed the 130m 
criteria 10 be met By August 1940 an 
upgraded version of AI, the Mark IV, was 
being fitted. to the new two sealer 
Beaufighter. 

However, AI had to be used in conjunc- 
tion with the Ground Control Interception 
(GCI) radar but this was subject to severe 
delay in getting into service. Likewise, 
crews had to be tained to use the equip- 
ment, and so the complete interception sys- 
tem was not brought into operation until 
late October 1940. 

‘It was immediately effective (first kill 
November 7) and subsequently had its 
effect on German night bombing. By April 
1941 over 52 enemy aircraft had been shot 
down, with a further 88 probables. By May 
it had risen to 102 confirmed, with some 
172 severely damaged. 

Later it was decided that the AI system 
should be installed into single-seater fight- 
ers — but this posed a problem. The pilot 
could not fly the aircraft, engage an enemy 
and operate the Al all at the same time. 
Usually it was necessary to set a “strabe 
pulse onto a target echo". This needed to 
be-automated and Blumlein set to work. 

Again, he imposed a quick and highly 
effective solution by creating an automatic 
pulse-iracking strobe generator. The 
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Official report attempts à diffident conclu- 
‘sion — that the automatic Al test which 
took place at Christchurch in December 
1940 “appeared to function satisfactorily in 
principle" — which was nothing less than a 
begrudging understatement, Blumlein and 
his co-workers White (EMI) and Williams 
(Telecommunications Research Establish- 
ment — TRE) weré fully aware oi the value 
of their work and patented the system 
immediately afterwards. 


RADAR MAPPING | 
Reconnaissance photographs revealed 
that at night very few British bombs were 
actually falling on target. Only a fifth of the 
total bomb load ever got within a 5-mile 
radius of the target, and even on a bright 
night (full moon) things were little better. 
What was needed was a radar-based 
ground map to identify built up areas. In 
1937 E. G. Bowen at TRE Bawdsey had 
lashed shor wave aerials to a Hayford 
‘bomber and had flown 


over Harwich 
detecting sig- 
nificant dif- 


fer- 


Early HS Visual Indicator (oscillo- 


Scope). Caurtesy EMI Archives. 
ences in the pulse echo from large build- 
ings and open tracts. 

Likewise. A. P. Rowe had reported that 
the characteristic curves of the River 
Severn could been seen from the air by 
ground reflected short wave. As the war 
moved beyond its initial phases, Lord 
Cherwell (Prof. F. A. Lindermann), then 
scientific advisor to Churchill, indepen- 
dently raised the question of ground targets 
being detected by radar and opened an 
investigation. Bowen was later to report 
that the Air Ministry committee formed to 
debate matters had stated that it could not 
be done. He replied on the contrary — “Yes 
it can — [saw it in 1937!" 

From 24 October 1941, centimetric wave 
AI radar was converted by TRE for ground 
echoes and flight trials were commenced. In 
November an adapted Blenheim bomber 
flew from Christchurch. It was clear that 
built-up areas could be resolved and EMI 
were contracted in January of 1942 to devel- 
op à radar which could project a plan of the 
ground being overflown. The name given fo 
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the development programme was "H4S* and 
involved both TRE and EMI personnel. 

(Originally the system was called “BN” 
for Blind Navigation but H,S came about 
(supposedly) because Lord Cherwell 
applied the chemical formula for the pun- 
gent gas hydrogen sulphide, apparently he 
thought that the timing of the development 
was “stinking — because it ought to have 
been done years earlier". Another theory is 
that as a ground radar it could seek out 
home location as well as enemy targets; 
hence "Home Sweet Home"). 


MAGNETRONS AND 
STATE SECURITY 


Bernard Lovell, later Sir Bernard Lovell, 
head of the Jodrell Bank Radio Telescope, 
was then on Blumlein's team and remarked 
that the trials were not initially successful. 
Minimum altitude requirements for bombers 
could not be met due to the operational ceil- 
ing of the method — then. to add to the 
problem, it was decided at ministerial level 
that the top secret cavity magnetron (central 
to ultra-short wave high power operation 
and virtually indestructible) could not be 
allowed to fall into enemy hands. 

To force the use of the magnetron, and 
thereby have a hope of solving the other 
problems, it was necessary to prove that a 
Varian Klystron (already well known to 
both sides) would nat do. As each problem 
was painstakingly resolved, time was lost. 

Nevertheless, matters progressed and on 
7 June 1942 Blumlein, never reluctant to 
engage with the real world trials of a sys- 
tem, joined two of his colleagues from 
EMI (Browne and Blythen) and three from 
TRE on board the adapied Halifax 
bomber V-Victor 9977, now trialing a mag- 
neuron driven advanced prototype HS: 
The rotating scanning aerial system was 
housed in a Perspex cupola where the front. 
gun turret had been. 

Lovell goes on to say that the pressure on 
the. EMI/TRE group was enormous with 
"no respite from day to day — either T or 
other members were flyine but on Sunday 
the 7th of June | was taking a day off — 
tired of flying. I returned to Malvern and at 
about 7 o'clock in the evening I had a tele* 
phone cali from Defford Airfield to say that 
the Halifax had not returned”. 


FATAL PLANE CRASH 


Unbeknown to anyone on board the air- 
craft, which had only been recently ser- 
viced. the starboard motor had a broken 
inlet valve. Failure by the servicing crew to 
tighten the tappet locking nut led to flash 
back through the valve and in flight the 
engine caught fire. The general consensus 
is that the fire rapidly burnt through the 
main wing spar shedding the wing section 
and sending the aircraft into an uncontral- 
lable dive, ioo rapidly for the pilot or any- 
one else to get out. All five crew and six 
passengers were killed. 

Lovell reports that the "rest of the night 
was a nightmare — I was driven by the CO 
through the winding lanes near Ross-on- 
Wye searching for the wreckage — it was 
wartime and no time for emotions and our 
first duty was to search for the highly secret 
equipment and collect all the bits and 
pieces". 

The effect on the remaining team was 
“devastating” but there was no ler up in the 
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pressure to get H,S ‘operational. Without 
Blumlein, the pace could have slowed but it 
did not. Within three days a second Halifax 
was airborne with a duplicate system. Jt 
must be said, however. that the greater part 
of Blumlein's work was done, as was the 
system development. 

Watson-Watt. the "father" of radar was 
later to say that Blumlein was the "key man 
in HS" A colleague and engineering 
‘assistant, E.A. Newman was in no doubt 
that “the circuitry for H,S was ‘almost 
entirely due to Blumlein” with contribu- 
tions by Biytham and White. 

Ultimately, the proposed TRE design 
was abandoned in favour of Blumlein’s 
EMI design. Churchill wrote on the day 
of the crash that he was extremely pleased 
at the satisfactory progress of H,S and 
wanted an urgent programme of produc-. 
tion. This was inaugurated swiftly 
through a supreme effort by all, seeming- 
ly regardless of the devastating loss 
recently suffered. Though intended for 
‘bombers and target identification, the sys- 
tem: also proved to be hugely successful 
against U-Boats. 

As for the crash of the Halifax, anid 
Blumlein's death, it will forever be some- 
thing of a mystery — not least because the 
loss of all the crew and the technical team 
with not one survivor implies that the air- 
craft went down very quickly after losing 
control, and one can only assume at a very 
low altitude. If not, why was there no time 
for anyone to bail out? The question of sab- 
otage has always been raised, but there is 
no evidence other than that which endorses 
the “engine failure” conclusion of the 1942 
ierash enquiry. 


RECOLLECTIONS 


Alan Dower Blumlein was as inventive 
and indefatigable as Thomas Edison. 
Indeed, much of his behaviour had similar- 
ities to Edison's life style — though one 
must hasten to point out that Blumlein's 
mix of engineering rigour and careful 
experimentation was somie distance from 
Edison's thoroughly empirical approach to 
problem solving. However, like Edison, 
Blumlein would engage in relentless and 
unceasing laboratory sessions and, exhatist- 
ed, sleep where he was working. 

Similarly. he shadowed Edison in that 
he had no perception of normal working 
hours and if an idea occurred outside the 
usual time for attendance (Sunday 
evenings or very early in the moming) he 
would simply go back to the laboratory 
and get on with things. He even had 
Edison-like traits in his attitude to other 
personnel — he kept in daily touch with 
other laboratory teams and would engage 
in conversation with the most junior of 
personnel as equals. He was as capable of 
putting people at ease in terms of their sta- 
tus as he was in reinforcing his seniority 
when it mattered. 

‘Blumlein was as versaliléin private as 
he was in his professional life. His inter- 
esis were extremely broad — he swam 
(London Otter Club), flew (obtained his 
private pilot's license in October 1928), 
shot (pistol). plaved bridge (of which he 
had a "passion"). enjoyed the theatre 
(particularly Bernard Shaw), rode. played 
golf and liked nothing better than to drive 
very fast. 


MARRIAGE AND 
LEGACY 

Blumlein married his wife Doreen on 22 
April 1933. She had met him on one of his 
periodic returns to Gothic House where he 
had been a happy pupil and she was now a 
teacher. They had two sons, Simon and 
David (1936 and’1938). Her abiding love of 
ADB was in no way diluted by his frequent 
muttering at night and sudden departures 
for the laboratory. 

lt is impossible to find anyone associated 
with. or in some way connected with Alan 
Dower Blumlein who is prepared to speak 
badly of him, or in any way express envy or 
criticism. The worst comment is perhaps 
that he had a “rather loud voice". Yet even 
this has no overtones of complaint or cyni- 
cism. Rather, he is remembered for his 
“modesty, integrity, unbounded "patience; 
generosity, inventiveness and brilliance”. 

A later contemporary was to refer to him 


as “a delightful man — very human — and 


very good at explaining everything. He had 
“inexhaustible patience — and — didn’t 
get exasperated if you didn't understand — 
he would go through a point again and 
again. He had, it was said, “a great facility 
for converting quite complicated mathe- 
matics into very simple circuit elements". 

He seemed to enrich everything he 
embraced. Colleagues at the Central 
Research Laboratories of Thorn EMI spoke 
of his inspirational role on everything and 
everyone he touched, and had he lived there 
is no doubt he would have gone on to do so 
much more. lt is a great loss and sadness 
that he was taken so early in his life. 
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SPECIAL EPE 
READER OFFER 


EPE in association with A.S.A. are 
pleased to be able to bring you this 
exceptional offer on security 
camera kits 


PROFILE CAMERA KITS 


© MONOCHROME 352 x 288 pixels CMOS board 
camera, 270 TV lines resolution, 0-8 lux level, 
automatic iris, 3:-6mm wide angle lens, 100mA, 
6V to 12V d.c. operation, focus 300mm to infinity 


® Profile camera housing with ball-socket bracket for 
indoor or sheltered outdoor use 


® 20 metres of cable and SCART plug 
€ 6V to 12V d.c. 300mA power supply unit 


6 Easy d.i.y. instructions to assemble in less than an 
hour 


© Optional audio board module 
© Made in the U.S.A. 


.....Post code: 


; Signature: T ta 


j l enciose cheque/PO in £ Landing MT to WIMBORNE PUBLISHING LTD for£. :.. 


| Please charge my Visa/Mastercatd: E Card expiry date 22-222. 
1 
; Please send: 
; Monochrome Camera Kil (£33.95 ea) . . (quantity) 
Colour Camera Kit (£69.95 ea) e, . (quantity) 
| Audio Board Upgrade (£5.00 ea) (quantity) 


Otter ends: 31 1 July 1999. Orders normali rt sent within 7 Mace 


Less 
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ASA. PROFILE SECURITY CAMERA — 
EPE SPECIAL OFFER ORDER FORM 


PROFILE 
SECURITY 
CAMERA KIT 


ONLY £33.95 


Including VAT and p&p 


COLOUR VERSION ` ` 
Colour vérsion includes a twin sandwich CCD cam- 
era with 330 TV lines, lux level 2, auto iris, 38mm 
wide angle lens and latest digital signal processor 


AUDIO.BOARD 


Optional audio board fits 
inside camera housing 
(pre-drilled hole) and 
uses the same cable 
and power supply (£5 
extra) 


CONNECTION 


The profile CCTV camera kit plugs straight into the 
SCART socket on your TV or video — no tuning-in is 
required. Simply use the AV channel on your TV or 
video — in fact it is idiot proof! 


SPECIAL. OFFER PRICES 


Monochrome CCTV Camera Kit £33.95 
Colour CCTV Camera Kit £69.95 
Audio Board Upgrade £5.00 


Prices include post and packing and VAT 


DON'T MISS OUT, OFFER ENDS 
31 JULY 1999 


EE DONT MISS THIS 
OFFER 


Send your order to: 
EPE OFFERS, Allen House, 
East Borough, Wimborne, 
Dorset BH21 1PF 
Tel: 01202 881749 
Fax: 01202 841692 


OVERSEAS ORDERS: 
| Price includes delivery to anywhere 
in the world 
(We use the VAT portion of the price 
to pay for overseas delivery) 
| We cannot reply to overseas orders 
or queries by fax 
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Constructional Project SSS 


PC AUDIO 
FREQUENCY 


METER 


~~ 


ROBERT PENFOLD — 


Use your PC “bidirectional” printer port 
to monitor frequencies up to 32kHz. 


HIS project is the latest in our occa- 

sional series of PC-based test gear 

projects. Like the others, this Audio 
Frequency Meter is based on a design that 
was previously featured in an Interface arti- 
cle (Oct '97). The hardware and software of 
the present design are not identical to those 
described in the original article, but they. 
are essentially the same. 

This article takes things a step further 
by providing full constructional informa- 
tion. including a custom printed circuit 
board (p.c.b.) design. Like the original, it 
operates up to a maximum frequency of 
32-767kHz and has 0-3H2 resolution. The 
unit therefore covers slightly more than 
the full 20Hz to 20kHz of the audio 
range. 


ACCURACY 


Although the accuracy of the unit does 
nor compare to a high-quality digital 
frequency meter. it still provides more 
than adequate results for many purposes. 
h is certainly easier to use and more 
accurate than an analogue frequency 
meter. 

The input impedance is a few hundred 
‘kilohms, ior input levels of up to about 
1-3V peak-to-peak. Above this level the 
input impedance falls due to the action of a 
limiter circuit that protects the unit against 
damage from large input signals. Input 
voltages of up to at least SOV peak-to-peak 
can be handled safely. 

The interface should work with any rea- 
sonably modern PC, but it does require a 
spare bidirectional printer port. If your PC 
is not suitably equipped, or its printer port 
is already occupied, adding an inexpensive 
printer port card will enable it to operate. 
with this interface. 

There is a slight advaniage in using a fast 
PC. but it should be possible-to obtain good 
results with anything from an old 80386 
«machine to the latest super fast Pentium 
marvel. The MS-DOS software for the 
interface runs under QuickBASIC, QBasic 
or GW-BASIC and one of these interpreted 
languages is needed in order to run the 
sofiware. 
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SYSTEM OPERATION 


In common with most digital frequency 
meters this system determines the input fre- 
quency by counting the number of cycles in 
a given period of time. In order to obiain 
reasonable resolution at audio frequencies 
it is essential to use a fairly long counting 
period. In this case a gate period of two sec- 
onds is used, giving 0-5 Heriz resolution. 
The general arrangement used in the imer- 
face is shown in Fig.l. 

A simple limiter stage at the input clips 
the input signal and prevenis any damage 
from occurring to the subsequent circuitry. 
The next stage is a buffer amplifier that 
provides the unit with an input impedance 
of a few hundred kilohms, which is high 
enough to ensure that there is minimal 
loading on the circuit under test. 

The next stage is a Schmitt trigger. and 
this performs two functions. ht provides a 
cenain amount of amplification that boosts 
the input sensitivity of the circuit so that an 
input level of only about 100 millivolis 
peak-to-peak is needed to drive the unit 
properly, It also ensures that input levels 
that are slightly inadequate fail to produce 
any output fram the trigger circuit. and do 
not provide a reading. This avoids à situa- 
tion in which borderline signal levels 
produce misleading results. 


PUT STROBE 


SIGNAL 
GATE 


SCHMITT 
TRIGGER 


17-STAGE BINARY DIVIDER u STA 


Fig.1. Block diagram for the PC Audio Frequency Meter. 


The output trom the Schmitt trigger is at 
normal logic levels and is fed to 3 2-input 
NOR gate that acts as a signal gate. This is 
controlled from the Strobe handshake outpui 
of the printer port, and the two-second gate 
pulse is generated by software and some of 
the intemal timing hardware of the PC. 


BINARY COUNTER 


The output of the gate feeds into a 17- 
sstage binary counter. but prior to starting a 
new count this must be reset to zero. The 
reset pulse is generated in software and 
delivered to the counter via another hand- 
shake output (Init) of the printer port. At 
the end of the gate period the value held in 
the counter is double the input frequency. 
In order to obtain a reading in Hertz it is 
merely necessary to read the counter and 
divide the returned value by two. 

There is a slight complication in that the 
value must be read from the first 16 outputs 
of the counter. but the printer port has only 
eight date inputs. This is overcome by 
using a simple method of multiplexing. 

The 16 outputs are read via two 8-bir 3- 
state buffers that are controlled via a third 
handshake output of the printer port (the 
ALF output). One buffer is controlled 
directly from this output. but the other is 
driven via an inverier, and consequently 
only one butter or the other will be active at 
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any one time. depending.on the state of the 
handshake fine. 

The handshake line is set high to read 
one byte and then low so that the other one 
can be read. A simple software routine then 
combines the two bytes to reconstitute the 
16-bit value. e 2 

lt is important that any overflow of thé =z ] E 
counter is detected, as erroneous results PC , 
will otherwise be obtained. Having reached i z à Audio 
its maximum value the counter will simply d "E Frequency Met 
cycle back to zero and start counting once x er 
again. Slightly excessive input frequencies ow" 
will therefore provide what appear to be - PR ae 
valid readings while they are in fact very BE 
much lower than the true. input frequency. 

This problem is overcome by monitoring 
ihe 17th output of the counter using the 
Busy handshake input of the printer port. In 
normal operation the 17th output will 
always be low, but this output goes high if 
the counter overflows. 

lf the input frequency is well above the 
maximum that can be handled by the counter 
the output of the 17th stage could go low 
again by the end of the gate period. Jt there- 
fore drives a simple latch circuit, which 
ensures that a valid overflow signal is always 
present at the end of the gate period. The state 
of the overflow output is detected via the 
Busy handshake input, and a suitable on- 
screen warning is displayed if this output is 
high. A fresh count cycle is then commenced. 


CIRCUIT DESCRIPTION 


The circuit diagram for the input and 
gate stages of the PC Audio Frequency | 
Meter is shown in Fig.2. The limiter circuit 
uses resistor R9 and diodes D1 and D2 to 
clip the signal at approximately + 0:65 V. 
Diode D1 becomes forward biased when 
the input voltage is more than about 
—-0.65V. and D2 becomes forward biased 
when voltage is more than about +0-65V. 

Transistor TRI operates as a simple 
emitter follower stage. This does not pro- 
vide any voltage gain, but it provides the 
unit with a high input impedance. 
Capacitor C3 couples the output of TR! to 
a conventional Schmitt trigger circuit based 
on TR2 and TR3. 

Component IC7c is the signal gate, and 
this is one of the four CMOS NOR gates in 
a 4001BE device. Taking the control input 
at pin 1 high forces the output to the low 
state, but when this input is low the output 
assumes the opposite state to thé other 
input, This gives the required gating action, 
and the inversion through IC7c is of no 
practical consequence. 

The circuit diagram for ilie Jogic stages 
of the unit is given in Fiz.3. IC2 and TC3 
are the 8-bil buffers, and IC} is the inverter 
that ensures they are controlled in anti- 
phase fashion. There are actually six invert- 
ing trigger stages in ICI, but in this circuit 
only one is actually utilised, and no con- 
nections are made to the other five sections 
of this component (being an LS-tvpe i.c. 
the unused inputs do not need to be tied to 
a power line, unlike with CMOS devices). 

The outputs of the buffers drive the bidi- 
rectional data lines of the printer port, but 
there is a minor complication here because 
these lines default to the output mode when 
the PC is first switched on. They only oper- 
ate as inputs when the frequency meter 
software is run. This means that initially 
the outputs of the buffers will be connected " 
to the outputs of the printer port. Fig.3. Circuit diagram for the.logic stages of the DC Aude Frequency Meter. 
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Resistors R1 to R8 provide current limit- 
ing that protects both sets of outputs until 
the printer port is set to the input mode. The 
value of these resistors is made low enough 
to prevent them from hindering normal 
operation of the interface, but high enough 
to ensure that no damage occurs to either 
the interface or the printer port hardware. 

The counter consists of three 4024BE 
7-stage binary dividers (IC4 to IC6) con- 
nected in series. This obviously provides a 
2l-stage divider, but the outputs of the 
final four stages are left unused, The 

-output of the 17th stage drives a simple 
latch circuit based on IC7a and IC7b. The 
latch is reser by the same signal that is 
used to reset the counter. 

Note that one section of 1C7 is not used 
in this circuit, and so its inputs (pins 5 and 
6) are simply tied to the OV linc, as recom- 
mended for unused CMOS inputs. 

A +5 volt supply is required, and the cur- 
‘rent consumption of the circuit is about 70 
milliamps. Obviously the circuit could be 
powered from its own power supply unit; 
‘but it is cheaper and more convenient if 
power is obtained from the PC. 
Untortunately, there is no supply output of 
any kind on a PC printer port, and power 
must therefore be obtained from one of the 
other ports. Suitable outputs are available 
from the keyboard and game ports. 


CONSTRUCTION 


The topside component layout and hard 
wiring for the printed circuit board are shown 
in Pie A. together with an actual size copper 
track master pattem. This board is available 
from the EPE PCB Service, codé 232. 

Bear in mind that [C4 to IC7 are CMOS 
devices and that they require the usual anti- 
static handling precautions. The most 
important of these is that you ensure that 
you discharge static electricity from your 
body before handling them. Touching the 
bare metal of a nearby water or radiator 
pipe is usually satisfactory. 

It is recommended that you mount thé 

devices in sockets rather than soldering 
them direct to the board. Do not fit the i.c.s 
into their sockets until the board is com- 
pleted, and trv to touch the pins às little as 
possible. 
. There are number of a link-wires.on the 
board, and these are made from about 
0-56mm (24 s.w.g.) tinned copper wire. In 
some places there are several wires running 
side-by-side and very close together. These 
wires can be insulated with pieces of PVC 
Sleeving to ensure that there is no risk of 
any accidental short-circuits, 

The connections are densely packed in 
some parts of the board, and many of the 
copper pads are quite small. To avoid 
numerous short-circuits it is necessary to use 
a soldering iron having a fine bit and to take 
great care when making the connections. 
Check the finished board for short-circuits 
using a magnifier, and make sure that you 
completely remove any that are found. 

[n other respects construction of the 
board is largely straightforward. The layout 
is:designed for polyester capacitors having 
7-5mm (or 0-3 inch) lead spacing, and it 
cóuld be difficult to use components having 
a different lead spacing. At this stage only 
fit single-sided solder pins at the points 
where connections to SKI SK2, and PLI 
will eventually be made: 
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Fig.4. Printed circuit board component layout, wiring details and full size copper 
foil master pattern for the PC Audio Frequency Meter. 
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Practically any medium size plastic or 
metal box makes a suitable housing for this 
project, bul a metal instrument case is the 
Most appropriate type. SK2 is mounted on the 
front panel. and this is a phono socket on the 
Prototype. It you wish to use the unit with a 
standard oscilloscope tesi leads a BNC sock- 
el should be used instead, as this matches the 
BNC plugs normally fitted to these leads. 

A flat file is used to make a broad notch 
in the rear panel for the ribbon cable that 
connects the unit to the printer port of the 


PC. Socket SK] can be a 2mm or 4mm . 


type mounted on the rear panel. or the 
power lead can simply pass through the 
same noich as the data cable. 

The printed circuit board is mounted on 
the base of the case using either plastic 
stand-offs or metric M3 screws, with spac- 
ers about 6mm to 12mm long to keep the 
underside of the board well clear of the 
metal base panel. 


CONNECTING UP 


A piece of 13-way ribbon cable about 
0-5 10 one metre long is needed to connect 


COMPONENTS 


Resistors 
Ri to R8 2700 (8 off) 
R9 10k 
R10 470k 
Rid T 680k See 
R12, R15 3k9 (2 off) i S 
RI3 sx SHOP 
R14 27k 
R16 4700 TALK 
R17 15k page 
R18 Bk2 
R19 2k2 f 
All 0-25W 5% carbon film or better: 
Capacitors 
Ci 100n ceramic 
C2 1004 radial 
elect. 10V 
C3/C4 470n polyester, 7-5mm 
lead spacing (2 off) 
C5 10 radial elect. 25V 
C6 150p ceramic plate 
Semiconductors > 
D1. D2 1N4148 signal'diode 
(2 oif) 
TB1 BC550 low-noise ngri 
transistor 
TR2, TRS BC549 npn transistor 
(2 off) 
[ox M 74LS14 hex inverter 
IC2. CH 74LS541 octal tri-state 
non-inverting butfer 
(2 off) 
1C4 to 1C6 4024BE 7-stage binary 
ripple counter (3 off) 
1G7 4001BE quad 2-input 
NOR gate 
Miscellaneous 
SK1 4mm socket 
SK2 phono socket 
PLi 25-way male D-typé 
connector 


Printed circuit board, available from 
the EPE PCB Service, code 232; metal 
instrument case, about i150mmx 
100mmx50mm; supply adaptor cable 
(see text); 14-pin d.il. socket (5 off}; 20- 
pin dil. socket (2 off); multistrand con: 
necting wire; solder pins; solder, etc. 


£22 


Approx. Cost 
Guidance Only 


excluding case 
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Internal layout of the completed PC Audio Frequency Meter showing positioning of 


the p.c.b. and the ribbon cable exit. cutout. 


the circuit board to the printer port connéc- 
tor (a 25-way male D-type connector). It is 
unlikely that 13-way cable will be avail- 
able, but a 20-way cable is easily pruned 
down to size. There should be no difficulty 
in tearing away a seven-way strip to leave 
the required 13-way cable. 

Both ends of the cable are prepared in 
the same way, and this starts by separating 
the cable into individual feads over a length 
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Fig.5. Wiring details to the 25-way 
D-type connector (PL1). 


of about 20mm to 30mm. Next. a few mil- 
limetres of insulation are then removed 
from the end of each lead and the bare 
wires are then tinned with solder. The con- 
nector details are shown in Fig.5. 
Provided the pins on the circuit board 
and the appropriate terminals of the printer 
port plug are tinned with solder as well it 
should then be easv to make the connec- 
tions. However, the connections are tightly 
packed together and it is necessary to take 
due care in order to avoid short-circuits. 
The plug must be held firmly in place 
while it is connected to the lead, and it can 
either be held in place using a miniature 
vice, or a blob of Bostik Blu-Tack does the 
job quite well, It is probably easiest if the 
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eight data leads are connected first, fol 
lowed by the ground connection and then 
the handshake lines in any order. 


POWER-ON 


The easiest way of ohtaining power for the 
unit i$ to tap off the 5V supply from the 
games port, This requires a 13-way male D- 
type connector to make the connection to the 
computer. This method should work with 
both the old style games ports and the mod- 
em variety that are fitted to sound cards. that 
are part of a combined game/MIDI port. 

IF the gamtes port is already in use the 
best alternative is to obtain power via d 
short extension cable for the keyboard. This 
requires a 5-way (180-degree) DIN plug, a 
matching line socket. and a piece of 3-way 
cable about 300mm long. Connection 
details for both methods of obtaining the 
5V supply are shown in Fig 6. 


SOFTWARE 


The simple program that controls the 
PC Audio Frequency Meter is available 


O ooooooco 


ooooooo 


Fig.6. Two possible alternative ways of 
obtaining the required 5V supply for 
the circuit. 
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from the Editorial office and via TTT io terminate the gate pulse once 


the EPE web site (see Shop Talk 
page). lt is suitable for running 
under GW-BASIC. QBasic or 
QuickBASIC). lt is shown in full 
in Listing 1. 

The screen is cleared at line 30, 
and then the next three lines assign 
the correct addresses to variables 
PORTI, PORT2. and PORT3. 
These are the addresses for the 
printer port and the values used in 
the program (&H278, &H279. and 
&H27A) are correct for what will 
normally be printer pon two 
(LPT2). The addresses for printer 
port one (LPT!) are normally 
&H378. &H379, and &H374. but 
they can sometimes be &H3BC, 
.&H3BD. and &H3BE. 

During the start-up routine some 
PCs may display a screen that pro- 
vides information such as the printer port 
base addresses, and this will probably tell 
‘you whal you need to know. The information 
can also be obtained through such utilities as 
the MS-DOS routine MSD. or through vari- 
ous Windows options. if necessary, though; 
you will have to resort to trial and error àn 
order to find the correct address range: 


FIBST READING 


The first step when taking a reading is to 
set the printer port to the input mode, and to 
reset the counter. This is the purpose of 
lines 70 to 90. Switching the port to the 
input mode is achieved by setting bit 5 of 
the handshake output register high, or writ- 
ing 32 (decimal) to PORT3 in other words. 

The reset pulse is generated by setting 
bit 2 at the same address high, and then low 
again. A gale pulse of two seconds in dura- 
tion must then be generated, and this is pro- 
duced with the aid of the Basic TIMER 
function. This has a resólution of 10 milli- 
seconds, which is something less than 
ideal. but in practice enables quite good 
accuracy to be achieved. 


Listing 1 


30 CLS 

40 PORTl = &H278 
50 PORT2 = 6H279 
60 PORT3 = SH27A 
70 OUT PORT3, 32 
80 OUT PORT3, 36 
90 OUT PORT3, 32 
100 T = TIMER + 2 
110 OUT PORT3, 33 
120 IF TIMER « T GOTO 120 
130 OUT PORT3,32 


150 LOCATE 5,30 
160 LB = INP(PORTi) 
170 OUT PORT3,34 
= INP(PORT1) 
- HB * 256 

LB + HB 

En og 

INT (E) 

F/2 : 
240 PRINT F "HERTZ p 
250 GOTO 70 
260 LOCATE 5,30 
270 PRINT "OVERLOAD d 
GOTO 70 


yon mu 


io 
o 
mama my a 


ej Ej] 


10 REM AUDIO FREQUENCY METER PROGRAM 
20 REM FOR PC WITH BIDIRECTIONAL PRINTER PORT 


140 IF (INP(PORT2)) « 128 THEN GOTO 260 


Screen shot showing frequency readout. 


The gate period used has to be some- 
thing of a compromise. A long gate time 
provides increased resolution and helps to 
give good accuracy at low frequencies. On 
the other hand. it resulis in readings being 
taken at a very low rate and makes the sys- 
tem awkward 10 use. A gate period of two 
seconds seems to be a good compromise 
value. Most readings will have an accuracy 
of better than one per cent, which is nor- 
mally adequate for an audio frequency 
meter. 

All the TIMER function does is to return 
the number of seconds that have elapsed 
since midnight. The timer is read at line 
100. the returned value is incremented by 
two, and the result is placed in variable T. 
Line 1 IO opens the gate and line 130 closes 
it again. In between these. line 120 provides 
the two second delay by looping until the 
value returned by the TIMER function is 
greater than the value stored in variable T. 

The input port is read at lines 160 and 
180, and the two 8-bit bytes are placed in 
variables LB and HB, which contain the 
least and most significant bytes. The two 
bytes are merged into a 16-bit value by 
multiplying the most 
significant byte by 256 
and then adding it to 
the least. significant 
byte. 

As the gate period is 
two seconds rather than 
one second the value 
from the port is divided 
by iwo in order to 
obtain the frequency in 
Hertz. The gate period 
will actually be slightly 
more than two seconds 
because it tak&s a short 
while for the computer 


‘tite timing loop has completed. 

With something like a 200MHz 
Pentium PC the error this pro- 
duces is likely to be so small as 10 
be insignificant. With a slower 
computér such as a 80486 or 
60MHz to lO0Q0MHz Pentium 
machine the measured irequency 
inight be as much as one per cent 
higher than the actual input fre- 
quency. 

Line 210 is used to reduce the 
Value read from the interface by 
one per cent, and line 220 then 
strips off any decimals. If you are 
using a suitably fasi computer 
these two lines should obviously 
be omitted from the program. 
Ideally the unit should be checked 
against-an accurate calibration fre- 
quency so that the software can be 
“fine tuned” for optimum accuracy. 

At line 240 the frequency is printed on 
the screen and the program is then looped 
back to line 70 where n new reading is 
commenced. The program loops indefinite- 
ly taking a continuous stream of readings 
until it is halted by the usual CTRL- 
BREAK combination from the keyboard. 

On each loop of the program the output 
of the overflow latch is read at line 140. If 
an overflow is detected the program 
branches to the subprogram starting ai line 
260. and this prints d warning message on 
the screen. The program then branches 
back to line 70 where a new reading is 
siaried. 


FREQUENCY RANGE 

The system provides very accurate 
results at low and middle audio frequen- 
cies. but at higher frequencies the resolu- 
üon of the system is inadequaté to give 
results that will stay perfectly in step with 
a high quality digital frequency meter. lt 
would presumably be possible to obtain 
highly accurate results by using a 
machine code routine 1o handle the gate 
pulse timing. This certainly represents an 
interesting line of investigation for those 
who are suitably expert at writing PC 
software. 

It should be possible to extend the oper- 
ating frequency range upward by using nor- 
mal prescaler techniques. For exaniple. a 
divide-by-IO circuit added at the input of 
the gate would provide a maximum input 
frequency of 327-68kHz with a resolution 
‘of 5Hz. 

As described here, this interface design 
isa practical test instrument for audio fre- 
quency measurement, but it also represents 
à starting point forthe experimenter. [1] 
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BASIC Stamps: Scenix 

9 Re-Programmable © Fastest 8-bit micro 

9 BASIC language 9 SOMIPS 

e RS232 Serial ports @ Flash Eprom J y TS 
@ 3 or 16 VO lines © 18/28 pins ge 
6 SP/DTMF © PICI6C5x 

8 Fast development pin replacement 


Serial LCDs 

© R5232 Serial interface 

9 2x16 10 4x10 

€ Simple 3-pin connection 
9 Integral Keypad option 
@ Large Numerics option 
@ Driver chips available for GEM use 


ig SONS E 


Robotics 
@ Humanoid 
© 5-Axis Arm 
3-Axis Machine 9 Walking Insect 4 
O Stamp 2 based 

9 Drills PC8s 

9 3-Axis movement 

© Stepper drive 

9 4 thou resolution 


6 Win 3.1 Servo Controller 


^j © Conrol up 
L to B servos 
© 85232 IR Decoder 
Commands 4 
© Uses any remote 
:'9 7 digital outputs 
@ iogsle/momeniary 
‘O Re-Programmable 
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Hi-Fi POWER AMPLIFIERS 


ILP 2000 SERIES POWER AMPLIFIERS ARE FULLY ENCAPSULATED 
HIGH QUALITY MODULES WITH INTEGRAL HEATSINKS AND CARRY 
A FIVE-YEAR GUARANTEE. 


BY SELECTING THE APPROPRIATE MAINS TRANSFORMER AND 

THE PROGRAMMING LINK ON THE MODULE THEY CAN BE USED 

WITH 49 OR 80 LOADS WITH THE AUTOMATIC ADJUSTMENT OF 
INPUT SENSITIVITY. 
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READOUT 


John Becker addresses some 
of the general points readers 
have raised. Have you anything 
interesting to say? 

Drop us a line! 


ak LETTER OF THE MONTH X 


HOT BARS! 
Dear EPE, 

The PIC Altimeter (Sept '98) was excellent 
and particularly appealing for those of us inter- 
ested in the weather and outdoor activities like 
tramping or flying. But, can I just raise a couple 
of points with regard to thc measurement units. 

"Internationally, the term millibar is now ob- 
solete in meteorology and aviation. It was re- 
placed at least a decade ago by the hectoPascal 
or hundredth of a Pascal, abbreviation APa. The 
unit is equal in magnitude to the old millibar, 
therefore standard pressure is 1013.25hPa. The 
bar isan outdated CGS unit, whereas the Pascal 
is the modem SI unit for pressure, equal to one 

| Newton per square metre. 

The SI abbreviation for the metre is a lower- 
case m. not the upper-case M as displayed by 
the altimeter. 

In the article text, reference is made to 
temperature in Centigrade. Its use for naming 
a temperature scale was dropped in 1967 
because it means a unit of a “hundredth of a 
grade''. an angular measurement. The units in 
this scale are termed degrees Celcius in rightful 
honour of its inventor. After ali, Mr Fahrenheit 

- gets credit for his temperature scale! 

Congratulations on a great magazine. T read 
it regularly and find it an excellent source of 
ideas. 

: John Phillips, 
Upper Hutt, New Zealand, via the Net 


A most interesting point about barometric 
pressure, one that | was only mildly aware 
of. However, although scientifically speaking 
you are undoubtedlv correct, the majority of 
the population still relate fo the term millibar 
rather than hectoPascal. Prompted by your 
comment, | actually spent some time on the Net 
studying’ various weather sites but could nct 


find any verification of the use of either term, 
There was just one reference | found to hPa. 
and none at all for mB. 

So I rang the Met Office at Southampton. They 
said that hectoPascal is the term used scien- 
tifically. but in terms of expressing barometric 
pressure on weather forecast broadcasts to the 
general UK public, they would never use hec- 
toPascal and always quote pressure in millibars. 
They went on to comment that they believe the 
American forecasters still quote it in inches (now 
that IS an ancient hang-aver!). Inches refers 
to the height of a mercury column in really 
old-fashioned barometers, a measurement silll 
quoted on some domestic barometers. One of 
mine is graduated in inches, although my others 
are graduated in millibars. 

1 would make the observation, too, that our 
word barometer comes from the words bar and 
meter and we still continue to use the term 
barometric pressure. Somehow [ think the term 
hectoPascalometer might not catch on! As og 
scuba diver, | am also used to using bar as the 
measurement of the pressure | am subjected to 
at depth. 

Yes, of course, Celcius is the term I should 
have used instead of Centigrade — am I revert- 
ing to childhood when the latter was drilled 
into me at school and how to convert between 
C and F, along with degrees Kelvin? (If so, my 
colleagues are too — they all read and approved 
my script!) 

Regarding “m” and " M'' - EI shaw what I 
like on my Leas, thank vou! (In, fact “M” was 
used to differentiate it from m” of "mb" ) 

But, what a great interest your barometric | 
comment caused — I spent a couple of hours 
researching it! A fascinating question, thanks. 

Yes, I think you deserve to be Letter of the 
Month this time, even though it's tantamount 10 
(very polite) criticism of me! 


PIC OF THE HOURS 
Dear EPE, 
Running your PIC Tutorial program 


TUT28.ASM I noticed that the hours count did 
not roll over to zero from hour 23, but continued 
upwards. Looking further into the problem I 
changed the program as follows: 

incf CLKHRS,F 

movlw 6 

addwf CLKHRS,W 

btfss STATUS,DC 

movwf CLKHRS 

movlw 5200100100 

xorwf CLKHRS,W 

btfss STATUS,Z 

cirf CLKHRS 

return 

k took me a month 16 spot the solution. Was 
your listing a printing error. or was it deliberate 
to give readers homework?! Anyhow, I con- 
gratulate you for your excellent work in the 
pages of EPE. : 

Rubens Sant'Anna, via the Net 


Fd like to say it was "homework", but 


honesty prevails and | have to admit it was à 
programming error — well spotted and solved? 
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CATCHY WIND-UP 
Dear EPE, 

Congratulations to — EEPEEPEHEEMETI 
(catchy!) and especially Bart Trepak for 
rethinking the concept of the wind-up” radio. 
Like the author himself commented, as someone 
‘who has recently been playing with geared 
motors to demonstrate the dynamo” principle | 
immediately thought "Now why didn't I think 
of that! *, 

I was especially happy to see Mr Trepak 
return to the 19605/705 in his circuit design. Yes, 
the old regenerative radio circuits are resurfac- 
ing following the sed demise of the ZN414 
and its kin, Fd much rather have my son and 
his schooifriends experience the excitement of 
building a simple portable receiver using the 
ZN414, just because of the favourable perfor- 
Mance-to-effort ratio. but in its absence we are 
reminded that once upon a time. there were 
‘other ways to achieve a similar end and, in an 
age of here-today-gone-tomorrow i.c.s, discrete 
uansistors and 7400 TTL may still have a use- 
ful part to play in our hobby, alongside those 
‘marvellous PICs, 

I was particularly amused by the appearance 
‘in the circuit of a crystal earpiece. in parallel 


WIN A DIGITAL 
MULTIMETER 


The DMT-1010 is a 3% digit pocket- 
sized l.c.d. multimeter which measures 
a.c. and d.c. voltage, d.c. current and i 
resistance. It can also test diodes and — — 
bipolar transistors. f 


: Él 

Every month we will give a DMT-1010 | e 

Digital Multimeter to the author of the -~ 
best Readout letter. f 


with a 2k2 resistor. This is a dodge I first 
saw presented in PW in 1972, when everyone 
was bemoaning the demise of 2000-ohm head- 
phones... Resourcefulness is essential to our 
pursuits! Incidentally, have you thought of pub- 
lishing a design for a small MW radio based on 
a PIC? (Okay, Fm only joking!) 

_ Dr Philip C. Miller Tate, 
Walton-on-Thames Surrey 


Thanks Philip for your latest comments to add 
fo our pages: Such projects as Bart's radio do 
prove that "ingenuity can achieve astonishingly 
simple but effect results using the minimum 
of “age-old technology (alihough such high: 
capacity miniature capacitors as he used are 
very much ''modern'"' components). 

Bart's original text for his radio actually 
discussed same of the basic principles behind 
other aspects of his back-to-origins components, 
but space prevented our including the discus- 
sions. Bart, as many of you will be aware, also 
delights in designing mains operated circuits in 
which again he gets down to basics without the 
need for more “‘higit-faluting’’ technology — 
more power to him, and to vou! 


MORE ON FUEL 
Dear EPE. 

Having read the letter Fuel For Thought in 
your April '99 issue, I wondered whether there 
might be any ‘mileage’ in suggesting a suitable 
pressure transducer in the fuel line between the 
fuel tank and engine — possibly with an expan- 
sion chamber after the transducer to minimise 
the effects of fuel pressure variations due to dif~ 
ferent demands made by the engine. 

TE think I would be correct in saying, just as a 
column oi water exerts a specific force at its 
base, that a similar argument would apply to the 
amount of fuel left in a tank. There are many 
books which could then cover the pressure to 
voltage relationship required in order to operate 
a dispiay. | hope this is af use. Great magazine. 
Many regards. J 

Neil Cullimore, via.the Net 


As an “off the top of my head" first response 
it seems that this would be fine for a quantity 
of liquid at rest, but as soon as the vehicle 
starts moving, the liquid will slop around in its 
tani: causing different pressures to occur on the 
transducer in the fuel line, resulting in widely 
varying values being output by it. 

However, whilst ‘normal’ electronic circuits 
(whatever they might be!) would perhaps have 
difficulty in averaging the values, no daubi a 
PIC could be programmed to work it out. There 
would remain the question, though, of how an 
electrically powered pressure transducer could 
be safely installed in a fuel line without the 


danger of an electrical discharge igniting the 


fuel. Any suggestions, Readers? 


AIR THEM! 


Whatever your views on electronics 
and allled subjects, air them in 


public, either through Readout or 
our Chat Zone via 
www.epemag.wimborne.co.uk 
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WHY SURFACE MOUNT? 
Dear EPE, 

I have a small point I would like to raise with 
you regarding Bill Mooney's SMD Smoke Ab- 
sorber in the March 1999 issue, namely, why 
he considered it necessary to use surface mount 
devices in this project. To iny mind, SMDs are 
only suitable to use when: 

9 One or more devices vital to the circuit's cor- 
rect operation arc only available in SM form 

© The unit is intended to be mass produced by 
machines 

* The unit is required to be physically small 

With the Smoke Absorber all of these are 
untrue; all the devices are more common as 
through-hole components, the device is intended 
to be made using a soldering iron and there is 
plenty of room in the specified case. I fail to see 
what the advantages are to the amateur construc- 
tor of using SMDs. 

i can clearly see the disadvantages though. 
Firstly, they are incredibly expensive: Buying 
just the resistors from one major source (seven 
different values. twelve resistors in all) costs a 
ndiculous £14 + VAT! Buying exactly the 
same thing in through-hole costs just £4.41 + 
VAT. Admittedly, this is largely due to mini- 
mum order quantities, but the single SM resis- 
tors cost 4p, which is still more than double the 
cast of a comparable through-hole component. 
Likewise the SM NES55N costs 10p more than 
a comparable through-hole component. 

Secondly. they are very fiddly to solder. al- 
though this was outlined in the article. Also, 
SMDs can get lost, blown away and flicked off 
the workbench. I am sure everybody would 
agree that losing a vital component in the carpet 
during the construction of your latest master- 
piece is a major source of annoyance! ` 

As | am sure like many others, 1 have no 
SMDs in my spares box. I could build the 
device on stripboard from just my spares box 
in through-hole, except the inirared detector 
and fan because these are obviously specialised: 
devices. | would hope, therefore, that EPE casts 
a critical eye on SMD projects submitted in the 
future unless they reach one or more of the 
above criteria. Since when did through-hole be- 
come passé? : 

Please do not think 1 am being critical of Bill 
Mooney's article; it is a great safety project 
which I hope to build in the coming weeks. 

Joseph Birr-Pixton, via the Net 


Bill Mooney replies: 


My decision to use surface mount is to do 
with education, the feeling of being up-to-date 
and making the best use of the latest methodol- 
ogy- Open any serious piece of electronic gear 
these days and you will see what contemporary 
circuit fabrication has come to. Believe it or not 
it is also to do with the simplicity and elegance 
of this technique. The application of a set of 
rules along the lines of those outlined by Mr 
Birr-Pixton would limit the scope of this hobby 
and. more important. could restrict its growth: 
and evolution into the future. 

Sure, SMDs are fiddly to use, but through 
hole (th) construction was difficult until we 
developed the appropriate skills. SM construc- 
tion also requires a little dexterity coupled with 
good eyesight, or at least a good magnifier. The 
reward is a circuit as close as we can get to state 
of the an. Many constructors who try SM soon 
realize that it is not all bad and in fact offers 
many advantages. They find ii quicker. and easier 
once tlie basic skills are acquired. 

Some, in fact become hooked on SM and 
prefer to make everything that way. My nine- 
year-old son has assembled kits in both SM and 
TH and, without prompting, expressed a strong 
preference for SM over the awkward business of 
threading and snipping leads. Losing the odd 
wayward chip is a hazard but taming them is just 
a matter of selecting a suitable work area and 
being careful. 

The cost af SM components to.the small-scale 
hobby user is becoming less of an issue and the 


puce differences are mosily negligible. At iny 
other level they are cheaper than TH equivalents: 
Availability in small quantities is a more impor- 
tant issue not helped by the difficulty of retail 
handling. The cost of postage and packing must 
be separated from the argument, as small orders af 
either technology will always be expensive. 

It is surprising how quickly a useful SM junk 
box develops once you start. Part reels and bags 
of SMDs appear at junk sales and there are ever 
increasing numbers oi redundant disk drives and 
cellphones around, all packed with SMDs. 

Hybrid projects are cropping up with increas- 
ing frequency in our magazines. Even if we 
don't want to be SM purists, some experience in 
handling chip components is useful for when we 
have no choice. TH devices are certainly not 
passé and neither are valves. Our aim is to 
broaden our horizons, not to restrict them. 

Bill Mooney 


Editorially, we must also add the comment 
that one of the roles of EPE is to educate people 
in electronics, and we would be failing in this 
aspiration if we did not periodically publish 
an SMD-based project of a simple level. Bill 
Mooney's SM projects (of which we have pub- 
lished several) fulfil this need nicely. 


HIGHER STILL 
Dear EPE, 

T have been following with interest the subject 
of using higher level languages in projects. lt is 
true that accessing the UO space from later 
Visual languages is a problem in Win 95/98. 
However, this is not impossible, as long as 
the complications of using YO are done for 
you. After all. how are the mouse and printers 
controlled? 

May I suggest that if a set af virtual drivers 
accessed from a corresponding set af DLLs 
were wien and documented with their func- 
tion calis. they could be used and called from 
whichever high level language the user wishes. 
This might include reading and modifying the 
registers for the parallel and serial ports on the 
PC in Visual Basic. Then any front end could be 
written simply by both constructors and project 
authors alike to access the outside world without 
resorting to the DOS prompt. 

] believe that staying in the Windows environ- 
ment to be preferable, as it can be much more 
intuitive for novice and inexperienced users, 
given its visual and object based approach: 
While this may forego the use of older x86 
based machines ior running some of your 
‘programs, dare | say that come the end of the 
year many of these will be consigned to the 
“*Doesn’t work any more this century" pile. In 
fact it may even be the case that some older 
compilers may refuse to work any more as well. 

Steve Diver, Somerset, via the Net 


Interesting opening nvo paras, Steve. Virtual 
drivers and DLLs seem a bit too sophisticated, 
however, and not really practical for us to take 
on-board. All the contributors to EPE design 
their own circuits and software basically to 
suit themselves. Whilst you see the same con: 
tributor's names regularly appearing. none are 
aciually employed by EPE to produce their 
designs (even | am an independent contributor 
in this context). 

If 1 understand you correctly, the outcome of 
having an “EPE set of drivers" would neces- 
Sitate us trying to impose our own software 
protocols on a world which is already over- 
stuffed with them. In this malter, I for one would 
far rather try to make use of the facilities 
included in existing commercial packages. even 
if they do sometirnes seem difficult to come to 
grips with. 

On your last para — despite initial concerns to 
the contrary, | am going to assume that any 
EPE-published software written in a currently 
standard format (e.g. Basic or x86 assembler 
etc) is going to be recognised by succeeding 
generations of computer long into the future. 
Time will tell if l'm right or wrong! 


Everyday-Practical ElectrónicstETI; June-1999 


Pee SS ss 


NETTING THE TIDE 
Dear EPE, 

In Readout Oct '98 you published a letter of 
mine requesting a possible update of your PE 
Tide Meter of Oct "07. using the latest PIC tech- 
nology methods. e 

Your replying comments are appreciated. 1 
baye found a freeware liule gem called WXTide 
on web site www.shipsstore.com which works 
beautiiully and universally. A data base is in- 
cluded and is harmonically based. Maybe you 
clever boffins can use the infa for a PIC-based 
(gizmo? 

Johan van Rooyen, 
Cape Town, South-Africa, via the Net 


Well. Johan, it's me that's even more ap- 
preciative af your latest comments. Receiving 
them in late December {it's mid-April as I 
write this), | have since spent time studying 
that most astonishing site vou quote. | down- 
loaded the WXTide software and was utterly 
amazed at its campleteness and, as xou say, 
universality. 

To be- honest, for some weeks after 
thoroughly studying it, I felt totally cured of 
any desire ta design a PIC-based tide meter. 
There was no way I could see that I could 
create a meter that would come anywhere near 
what WXTide does. With that so readily 
' available via the Net, why should I even try io? 

However, once having had an idea, | am 
usually reluctant to give it up, especially 
having already spent countless previous hours 
attempting to crack the tide prediction problem 
using Basic and memories of school-day 
maihs. Having discussed the dilemma with 
Editor Mike (who, as you probably recall from 
my reply in Oct ‘98, sails a dinghy in Poole 
Harbour), | decided that a tide meter cauld 
still make a good PIC project. 

For a Start, not everyone wants to lug a 

computer about on a small boat (or car when 
gaing on a beach trip) or even to take a 
priniout of tide conditions with them. Secondlv, 
knowing highllow tide states to within a few 
minutes is not necessarily critical and so a 
simple compuiaiion which results in prediction 
to within, say. half an hour is going to be quite 
satisfactory for many "'coasters''. 
_ Interestingly, I did some comparison checks 
between WXTide's predictions jor UK loca- 
tions for which } have data going back as 
far as 1992 (originating from the UK's tide 
prediction authority, Proudman Oceangraphic 
Laboratories). The two sources did not agree 
in a number of instances, by as much as 15-20 
minutes in some cases. e 

With these thoughts in mind, 1 may well 
(sooner or later) dig oui my filed notes and 
WXTide and see what a PIC can achieve, and 
be prepared 10 accept less than the about-five- 
minutes accuracy that | had been trying to 
work to bejore. 

As Canute might have said, watch this shore 
line. 


CHIP SOURCE 
Dear EPE. 

How do I find out whether a manufacturer 
has produced an ''audio frequency spectrum 
analvser'' on a single chip. None are listed in 
the Maplin or Electromail catalogues. 

Alan J. Munday, Southampton 


! might tackle it by browsing the IC Master, 
a massive weil-updated, but expensive, pub- 
lication that some reference, libraries keep. 
More conveniently, perhaps, doing a search on 
the Web could prove beneficial; starting off 
with a general search call for “semiconduc- 
tors" and see where it leads you. Also, other 
readers might know, either affering an answer 
to this letter here, or via our Chat Zone on the 
Web. 

As an aside, you really ought to have mare 
catalogues than the two you mention. No 
workshop is complete without dozens! 
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Robert Penfold 


VISUAL PROGRAMMING FOR A VIRTUAL METER 


I RECENT months the readers’ letters 
Pages of EPE have included a certain 
amount of debate about the best pro- 
gramming language for use with PC 
based projects. QBASIC and GW BASIC 
are easy to use and one or other of these 
is supplied free with MS/DOS or 
‘Windows 95/98. 

However, they only produce MS/DOS 
programs, and compared with the mod- 
ern visual languages they are rather slow 
and crude. Things that take a couple of 
mouse clicks in a visual programming 
language can take hours of programming 
with a traditional BASIC. 

The problem with the visual languages 
is that they do not support direct control 
of the PCs ports. At least, until recently I 
thought that was the case. 


Original And Best 

Borland Delphi is a sort of visual ver- 
sion of its "Turbo Pascal", which used to 
be popular in the pre-Windows era. The 
Pm ing language at the heart of 

elphi is Object Pascal, and the help files 
for this language do mention direct port 
access using the Port (8-bit) and PortW 
(16-bit) functions. Unfortunately, tryin 
these with Delphi 2 and Delphi 3 (an 
presumably with Delphi 4) only produces 
error messages. 

The solution to the anomaly can be 
found on Tom Boyd's excellent web site 
(see Readout page 272 of the April 1999 
issue of EPE). It seems that these two 
functions were included in the original 
version of Delphi, or Delphi 1 as it is now 
often called, but were dropped from the 
subsequent versions. 

Although you can no longer buy 
Delphi 1 as such, it is included with sub- 
sequent versions to provide a means of 

roducing 16-bit Windows programs. 

ersions two to four can only produce 32- 
bit Windows 


QBASIC, C, etc., it takes sóme adjustment 
to get the better of visual programming. 
Selecting the right icon and clicking on 
the screen produces the basic elements-of 
the program such as buttons, pull-down 
menus, and dialogue boxes. 

You do not have to write code to keep 
track of the mouse movements, as this is 
all handled for you. You do have to write 
some program code to make buttons, 
menu items, etc. actually do something, 
but in the current context a few program 
lines is often sufficient. 

By necessity, the visual approach to 
things results in programs that have a 
very different structure to traditional pro- 
grams. Things are more compartmén- 
talised and less serial in nature. 


On Form 

When you run Delphi you are faced 
with four windows (see Fig.1) and the 
one at the top is the main program win- 
dow. This has the usual menus plus 
numerous buttons. The buttons in the 
right-hand section of the window forny 
the component palette, and there are sev- 
eral sets of these, which can be selected 
via a set of tabs. What in Delphi terminol- 
ogy is called the “form” is situated below 
the component paletie, and this is where 
you produce the’ general layout for your 
program. 

If you require a label at the bottom of 
the program window, you click on the 
label icon in the component palette and 
then click at the bottom of the form. This 
deposits a label on the form, and it can 
then be dragged to precisely the required 
position, and resized by dragging on the 
handles. Other items such as buttons and 
scroll-bars are added in the same basic 
fashion. 

The form has a grid of dots to help with 
precise positioning of screen elements, 


but the dots do not appear in the program 
window when the completed program is 
run. You can alter the size ot the form 
itself using the Object Inspector or the 
usual dragging method and this sets the 
initial size tor the program window when. 
the program is run. 

“The left-hand section of the screen con- 
tains the Object Inspector. If you tlick on 
the form or a component on the form to 
make it active, the object inspector then 
controls riumerous aspects of that compo- 
nent or the form. This enables you to 
change the text of a label or a button, set 
text fonts, streen colours, and so on. 

It also provides control over the way in 
which a component responds to an event 
‘such as a mouse click or double-click 
Most components ignore most events, 
and only those events that are relevant 
are actually activated. 

Largely hidden behind the form the 
‘Code Window can be found. This is 
where the program cade is added, and 
initially there is a basic framework for a 
program supplied for you. 


On The Button 

A simple way to try out direct port con- 
trol with Delphi is to place a couple of 
buttons on the form. Click on one to 
select it and then change its caption to ^0" 
iüsing the object inspector. Then double- 
click on the button to bring up the code 
editor. The code for the button goes 
between the words "begin" and "end", 
aiid you only need.to add this line: 


Port[888] := 0; 


This sets the port at address 888 (deci- 
mal) to zero each time the button is 
pressed. Port 888 is the data line set of 
what will usually be printer port 1 
(LPT1;), but you can obviously use a dif- 

e ferent address here if you 


Program? ww EI SENSUM ts) 
Delphi 1 has also been LE wish. 


given away free with some 
computer magazines, albeit 
with some restrictions on 
its use. 

Delphi 1 produces 16-bit 
Windows programs, but 
they will run under 
Windows 95 and Windows 
98 as well as Windows 3.1. 
They will not run under 
Windows NT4 though. 

The programs produced 
are stand-alone .EXE files 
that do not have to be 
installed. You simply dou- 
ble-click on the program 
file in Windows Explorer or 
use the “Run” option of the 
“Start” menu. They will 
even run quite happil 
from a apes disk. äu 


Visual Programmin 
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This program line looks 
rather different to an 
equivalent BASIC OUT 
instruction, and there are a 
few points to note here. 
| The address is placed in 
square brackets and not 
the usual round variety. In 
Pascal the “equals” sign on 
its own is a Boolean opera- 
tor, and in this context a 
colon: must precede it. All 
normal program lines in 
Pascal end with a semi: 
colon. 

Repeat this process for 
the second button, but 
give it a caption of "255" 
and this program line: 


Port[888] — 255; 


To test the progràm 


_ If you are used to tradi- Fig.1. Four windows are opened when Delphi is run. The Form iS ‘where from within Delphi oper- 


tonal 
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programming in. the program is assembled. 


ate the “Run” button that 
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is situated towards the top left hand sec: 
tion of the screen or select “Run” via the 
menus. If all is well this should produce 
an operational program window com- 
plete with the two buttons. 

Operating the buttons should switch 
the data lines of printer port 1 between all 
low (0) and all high (255). If vou select 
“Compile” via the menu system your pro- 
gram will be compiled into a stand-alone 
.EXE file. 


On The Slide 

There are other components that are 
potentially useful when writing software 
for do-it-yourself add-ons, and one of 
these is the scrollbar. Select this object 
from the standard component palette and 
then click on the form to place it on the 
form. à 

The scrollbar needs to be quite large so 
that it has sufficient resolution to enable 
any output value from 0 to 255 to be set, 
so enlarge it to a few hundred pixels 
wide. In the Object Inspector you will 
find the “Max” and “Min” values for the 
bar set at 100 and 0 respectively. Alter the 
maximum value to 255. 

The ^SmallChange" value is the 
amount by which the value of the bar 
changes when the slider control is operat- 
ed, and the default value of one is what 
we require. The "LargeChange" value is 
the amount of change produced by click- 
ing to one side of the slider control, and 
you might like to increase this to some- 
thing larger, such as five or ten. 

Next, double-click on the scrollbar to 
bring up the code window, and add the 
SE line between the word “begin” 
and “end”: 


Port[B88] := Scrollbar, Position; 


g Output Contro! 
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Speéd Control 


There can be a slight problem when 
reading a port due to the way in which 
Delphi handles variables. In BASIC it is 
quite in order to read a port into a vari- 
able and then simply print that variable 
On the screen. The variable will be auto- 
matically converted into a corresponding 
text string and printed on the screen. 
Also, in BASIC you can simply invent 
variables as and when you need them. 

With Delphi variables only exist once 
they have been declared, and there are 
various variable types available (string, 
byte, integer, etc). The reading from a 
port can be read into a byte variable but 
not a string type. A byte cannot be print- 
ed on the screen though. It has to be con- 
verted to a string first. 

To produce a program to read printer 
port 1, first double-click on a fresh form 
and look for the heading “var” in the code 
window. It is beneath this heading that 
the variables are declared, and.these two 
lines should be added: 


Reading : Byte; 
S : String; 


This declares the byte 
and string variables that 
will be used to hold read- 


Fig.2. This scrollbar uses one program line to provide ings from the port. Next 


control of the printer pori. 


To complete the program you can use 
the label component to add labels such as 
"Min., "Max." and “Speed Control", 
When the program is run you should get 
something similar to Fig.2, and using the 
slider it should be possible to set the 
printer port output lines at any value 
from 0 to 255. 

This neat little control program was 
produced using just one conventional 
program line. When compiled it produces 
a pro file that is almost 200K in size, 
but by Windows standards this is proba- 
bly quite compact! 


inpet i 

e Port and PortW functions can be 
used to read from ports, and it is the syn- 
tax that determines whether a nvid or 
write action is performed. To read a port 
the following form of instruction would 
be used: 


Variable := Port[Address]; 


lace a button near the 

ottom oí the form, give it 
a caption such as “Press To Read Printer 
Port’, and resize it if necessary. Then dou- 
ble-click on the button and add the fol- 
lowing program lines into the code win- 
dow between “begin” and "end". 


Port[890] := 32; 

Reading := Port[888]; 
Str(Reading, S); 
Canvas.TextOut(50, 50,° “): 


Canvas. TextOut(50, 50, S); 


The first line outputs a value of 32 to 
the handshake output register of the port, 
which sets it to the input mode. Of 
course, it must be a bidirectional port for 
this to work. The next two lines read the 
port and place the result in variable 
“Reading”, after which the returned value 
is converted to a string and placed in vari- 
able “S”. 

The penultimate line prints a séries of 
spaces on the screen, 50 pixels from the 
top of the program window and 50 pixels 
in from the left. This is done to blank any 
previous reading, but obviously has no 
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Fig.3. The port reading program. Large the 
fonts are easy with Delphi, which has the 
usual range of Windows fonts available. 


effect the first time the button is operated. 
Note that due to the proportional fonts 
used in Windows it is necessary to use 
more than three spaces in order to be sure 
of blanking up to three digits (half a 
dozen should suffice). 

Finally, the lastline actually prints the 
reading on the screen. Note that you 
can set the font size for the form to a 
high figure if you require large num- 
bers. A point size of 32 was used in the 
example. 

When the program is run it should pro- 
duce something along the lines of Fig.3. 
Each time the button is pressed the read- 
ing will be updated. 


Virtual Meter 

Delphi has quite good graphics 
facilities, and these offer an interesting 
alternative to simply printing values on 
the screen. The accompanying simple 
program will display the 


readings on a sort of "Pseudo Moving 
Coil Panel Meter". Start with a blank form 
and doubie‘click on it to bring up the 
code 


window. Add the followin 
line under the ^var^ 
heading: 


Meter : Byte; 


No string variable 
is required this time, 
because the returned 
values will not be 
printed on the 
screen. Next place a 
button at the bottom 
right-hand corner of 
the form and give ita 
caption such as "Take 
Reading". 

Next, double-click 
on the button and add 
following lines 
between “begin” and 
"end" in the program 
code window: 


Canvas.TextOut (205,0, ‘0'); 
Canvas.TextOut (205,25, '25'); 
Canvas.TextOut (205,50, '50%; 
Canvas. TextOut (205,75, ‘75'); 
Canvas. TextOut (205,100, '100'7; 
Canvas. TextOut (205,125, ‘125’; 
Canvas. TextOut (205,150, '150'); 
Canvas. TexiOut (205,175, °175'); 
Canvas. TextOut (205,200, 2001: 
Canvas. TextOut (205,225, '2257); 
Canvas. TextOut (205,250, '250'); 
Form1.Canvas.FillRect(Rect 
(0.0.200,;270)); 
Port[890] :- 32; 
Meter :- Port[B88]; 
Canvas.MoveTo (0,128); 
Canvas.LineTo (200,Meter); 


On The Scales ; 

The first eleven lines print a simple 
scale for the meter down the screen. This 
‘is followed by an instruction, that prints a 
filled rectangle on the screen in the 
‘default colour, which is white. The 
rectangle is effectively the scale plate of 
the virtual meter, and it also erases the 
last reading before a new one is added. 

Next the port is set to the input mode 
and a reading is taken. This is placed in 
the variable called “Meter”. This is 
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followed by the “CanvasMoveTo” 
instruction which places the 
graphics cursor at the. specified 
co-ordinates, but does not draw 
anything on the screen. 

The final instruction draws a 


line from this point to a new set 75 

of co-ordinates. The Y co-ordi- 

nate is the value read from the 100 

port and the higher this read- =. 125 

ing, the further down the screen D 

the line is drawn. This line is the ege 150 

pointer of the virtual meter. SS 175 
When compiled and run this Ze 

program should produce some- sen 200 

thing similar to Fig.4. Not bad for 7 wa22h 

just 17 lines of conventional 280 


programming! 


Time After Time 
In many cases readings are 
required at regular intervals and 
not when a button is pressed. conventional programming. 
Delphi has an interval timer com- 
ponent that makes this sort of thing easy. 
it can be found on the component palette, 
but you must first click on the "System? 
tab to bring up the appropriate set. 
Although a timer icon is placed on the 


form when this component is used, it isa ` object inspector 


Fig.4. This Virtual Meter requires a minimal amount of 


non-visual component that does not 
appear in the finished program. The icon 
serves as a reminder that you are using 
the interval timer, and it also enables vou 
to add code for it and access it via the 


H you.go through the above 
steps, but use the interval 
timer instead of the button, 
the meter reading will be 
updated at the default rate of 
once per second. Other inter- 
vals can be used, and the 
event timer has one millisec- 
ond resolution. This program 
line would set the interval at 
100 milliseconds: 


Timer.Interval :- 100; 


It is obviously impossible 
to give a complete course in 
Delphi programming in an 
article such as this, but the 
possibilities should be obvi- 
ous. Things that would take 
hours of programming in 
BASIC can be achieved in a 

- few minutes using Delphi. 

Potentially, Delphi can be 
used to produce much better software for 
PC add-ons-with far less effort. Also bear 
in mind that Delphi is a compiler, and if 
should produce programs that run much 
faster than GW BASIC or QBASIC 
equivalents. 


ng 
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Clipping Video Fader (Starter Project) 

Ail the components called for in the Clipping Video Fader, the fifst 
of our periodic "starter projects” especially aimed at readers falrly 
new to electronics construction, should present no buying problems: 
They should all be stocked by the majority of our component 
advertisers. 

Unfortunately, stripboard nearly always seems to come in the 
wrong size for the project being undertaken. So, the only course af 
action is to purchase a piece larger than required and to carefully 
cut this down to size with a junior hacksaw. Smooth down any rough 
edges with a fine grade file or some sandpaper. Don't forget to 
check for any ^swarf" bridging the copper tracks before attempting 
any component mounting. 

If you do not already own a soldering iron we suggest you pur- 
chase one rated between 12W and 25W, preferably at the lower 
end. This will probably set you back about £12 to £15 and the British 
manufactured ones, such as Antex (www.antex.co.uk). have a 
very good reputation. 

Now for the small commercial plug. Soldering is considered quite 
an art, and if you are at all hesitant about this espect of construction 
you should read the excellent booklet, entitled The Basic Soldering 
Guide, attached to the April ‘99 issue of EPE/ETI. See Back Issues 
page 456 for details of how to obtain this back copy. 

The choice of case is left to individuals’ own personal preference; 
the author elected to use an aluminium type, with a vinyl-effect fin- 
ish, measuring approximatelly 200mm x 125mm x 50mm. A metal 
case was chosen to help screen the circuit from any possibility of 
some outside electrical interference. Most of our component adver- 
tisers should be able to oifer a suitable box, but make sure there is 
room for the.8-cell battery pack as well a5-thê circuit board. 


PC Audio Frequency Meter 

We do not expect any component supply problems to be encoun- 
tered when gathering together parts for the PC Audio Frequency 
Meter. The semiconducior devices, D-type connectors and multi- 
colour ribbon cable now appear as siendard stock items in adver- 
tisers' catalcgues. However, just maybe, the BC550 low-noise tran- 
sistor might prove elusive and was purchased from Maplin (e 
01702 554000), code UL49D. 

Once again, you do not have to adhere to the exact dimensions 
and type of metal case for this project, just make sure there is ample 
room for the p.c.b. and that the input phono socket does not foul 
with the board. The printed circuit board is available from the EPE 
PCB Service, code 232 (see page 469). 


Musical Sundial 


We don't see why the author should get away with all the “puns” 
lor the Musical Sundial project, so here goes! We cannot iorecas] 
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any dark shadows falling across the components as most seem to 
be in tune with suppliers' stocks. 

The miniature Vatec VT935G light dependent resistor (l.d.r.) is 
stocked by RS Components and is available through their mail 
order outlet Electromail (zz 01536 204555), code 234-1044. Il can, 
of course, also be ordered from any bone-fide RS stockist. It also 
seems likely that the MPY54C569 l.d.r. from Farnell (e 0113 263 


'6311). code 179-611, would be equally suitable. 


You will most likely iind that most of our advertisers will offer you 


‘a Mylar cone miniature loudspeaker when asking for a plastic cons- 


type. These are fairly common and inexpensive. about £2 to £3 
depending on size, and will certainly be OK for this application. 

Details of the case have beén fully discussed in the article and no 
doubt readers will have their own ideas — suggestions to John 
please. The circular printed circuii board is obtainable from the EPE 
PCB Service, code 231. 

For those readers who want a “plug-in and go” ready-pogrammed 
PIC16F84 chip, one is available from Magenta Electronics (o 


‘01283 565435 or http//magenta2000.co.uk) for the all-inclusive 
price of £5.90 (overseas readers add £1 for postage). 


For those who are able to "clow' their own PICs, the soitware is 
obtainable from the Editorial Offices on a 3-5in. PC-compatible disk, 
see EPE PCB Service pade 469. There is a nominal admin charge 
of £2.75 each (UK). the actual software is Free. For overseas read- 
ers the charge is £3.35 surface mail and €4.35 airmail. If you are an 


‘Internet user, i can be downloaded Free irom our FIP site: 


ftp://fip.epemag.vwimborne.co.uk/pubs/PICS/sundial. 


PIC Toolkit Mk2 

Locating components tor the PIC Toolkit Mk2 was fully covered 
last month and no further news has been forthcoming, except the 
Correction note at the end ofthis monih’s article. 
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Constructional Project === 
MUSICAL 
SUNDIAL 


JOHN BECKER 


What can one say about a project that may be > 
enormous fun but is otherwise totally unjustified? 


L- AVESTY — that’s the word, it's an 
| absolute and utter travesty — this 
Sundial thingy. it's a gross and total 
misuse of sophisticated electronics. Well, 
think about it: 4 

In the Beginning was the Big Shout that 
echoed throughout the Multiverse: "Let 
there be Light" , and so it was, and so came 
about shadow where light could not reach. 
And man saw the shadow and how it moved 
when the light moved, and thus he saw the 
notion of time and that it can be measured 
in its motion beneath the plants and trees 
around him, and thus the sundial was there 
for his enlightenment from the beginning. 

And what happens? Acons later along 
comes a bright spark who says to himself 
"Electronics can tell the time from the 
motion of sunlight", and set about to prove 
it But why he should bother was never 
questioned — and it should have been, the 
sundial already IS and needs no improve- 
ment. and it certainly doesn't need to be 
made with technology. 

Nonetheless, it's been done and we feel 
you should know about it, perhaps even 
build it and marvel at how petty we humans 
can be at trying to replicate what nature has 
already achieved without even thinking 
about it. 


SUNSTROKE 


So what does this Musical Sundial con- 
traption actually do? it monitors the motion 
of the sun of course — a pointer casts a 
shadow that rotates with the sun. Sensors in 
an arc detect the position of the shadow and 
when a sensor is completely covered by the 
shadow, electronically generated musical 
chimes and pips mark the hour of the event. 
one pip for each hour past. Then . . . and 
then, vou get a tune played! And what tune 
might it be — what else but something that 
might perhaps remind you of the old clas- 
sic "You are my Sunshine" (although a real 
musician wouldn't think so)! 

But that’s not all, on any day when the 
weather's changeable, with the sun coming 
and going, appropriate phrases of the 
“tune” mark the disappearance or re- 
appearance of the sun. 

So that's what you do this month; build 
our Sundial (never mind what the neigh- 
bours might say about your sanity!). We 
provide-the info, where you find the sun is 
up to you! 


Everyday Practical Eléctronics/ETI., June 1999 


‘Consulting Old Moore's Almanac ` el A 


PLANETARY MOTION 


As the Sun (apparently) moves across 
the heavens from East to West, any object 
in the path of its light casts a shadow that 
moves in the opposite direction. In the 
northern hemisphere beyond the Tropic of 
Cancer (in the UK, for example) to an 
observer with the sun behind him, the shad- 
ow moves in a clockwise direction, from 
left to right. 

This is, no doubt, why clocks tell the 
time "clockwise". It needn't have been, 
though, and had clocks been invented in the 
southern hemisphere, beyond the Tropic of 
Capricorn. where to an observer the effec- 
tive motion of the shadow is from right to 
left. we might all be telling the time back- 
wards! The implications of this apparent 
change of direction for our Sundial will 
be discussed later -- they are not 
insignificant! 

Anyway, we'll start off by talking about 
the Sundial from the perspective of where it 
was designed — Southern Counties 
England. As you will see from the pho- 
tographs, Sundial is constructed on a circu- 
lar printed circuit board that has an arc of 
16 light sensors spaced so that a pointer's: 
shadow as cast by the Sun moves across: 
them at the rate of one per hour. 
Irrespective of the season, this raie is 
always true Gwithout getting into discus- 
sions of astronomical or sub-atomic time 
scales). 

What does change with the seasons, of 


€oürse, is the number of hours there are 


beiween sunrise and sunset. 
(a publication the author finds j 
invaluable for its factual pre- vz 
dictions of Sun. Moon and f | 
Tide times) revealed that for / 
Londen the number of day- 
light hours is about 16 in 
mid-summer and about 
eight in mid-winter. 

It seemed worthwhile: 
therefore. io give the Y 
Sundial 16 sensors. nominal- 
ly regarded as covering 3 a.m. 
to 8 p.m. (Oh, OK, so it's only 


Completed Musical Sundial 
with the “shadow” pointer 
top covered with an impro- 
vised eye-protector. 


15 hours, but who in their right mind is 
going to-be.looking at sundials at 4 a:m.?) 


SENSIBILITIES 
With these [6 sensors spaced around an 
arc, a central pointer (known as a gnomon — 


pronounced NO-MON. and is Greek for 


“the one that knows" — by those who know 
such things) is mounted so that its shadow 


moves around covering each in tum. Whai 


the clectronics has to do is monitor the sen- 
sors and determine which one is in shadow 
— ie. which has the least amount of light 
shining on it. 

The simplest choice of sensor seemed to 


‘be to use light dependent resistors (1.d.r.s), 


The most commonly encountered l.d.r. is the 
ORP12 — but that's not the type chosen! In 
fact, ORPI2s are a bit big in diameter and 
would require a greater radius of mounting 


arc, and thus a printed circuit board larget 


than the author desired. Their diameter 
would also require the use of quite a thick 
pointer to ensure thai its shadow adequately 
covered their light-sensitive area. 

A search through RS Componenis' CD- 
ROM revealed some miniature l.d.r.s hav- 
ing a diameter of about 4mm instead of the 
12mm of a typical ORP12. They were also 


‘significantly cheaper than ORP i2s. 


The device quoied by 
RS was a VT935G. man- 
ufactured by EG & G 
Vactec. Doing a 
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TO IC4 PING (RO) 
TO CA PIN 7 Si < 
TO K4 PIN 8 (RA) 
TOCA PRI 12 83) 
TO P:N $3 (RBS) 
sl e PIN S- 


EC 


Fig. 1. Circuit diagram for the multiplexed sensor stage of the Musical Sundial. 


search on the Intemet. Vactec's site was 
found and a data sheet downloaded 
(http://www.egginc.com). The specs of 
several other Vactec l.d.r.s were compared 
with the VT935G but it was concluded that 
the one stocked by RS (who also trade as 
Electromail) was satisfactory for the 
purpose. 

The specs quote the VT935G-as having a 
cell resistance of somewhere between 10kO 
and SOk€2 at 10 lux. A unit of lux is not ter- 
ribly useful to most people. including the 
author. so some practical measurements 
were made. Typically the VT935G was 
found to have a resistance of 70Q in full sun 
and 120Q with a pointer's sun-cast shadow 
across it. In workroom conditions under 
150W of artificial light at about one metre, 


St M 
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the respective readings were typically 2kQ 
and 2k8O. There were. though, significant 
differences in the readings between samples 
(this ts illustrated photographically later). 


MULTIPLEXING 


Two 8-way multiplexers connect the 16 
sensors to a common bus line, a PIC micro- 
controller causing each sensor to be indi- 
viduallv selected in a repeating sequence. 
The connections of the l.d.rs (RI to R16) 
to the multiplexers OC) and IC2) are 
shown in Fig.l. 

When selected. each sensor forms part of 
a potential divider chain effectively con- 
nected between +5V and OV via the multi- 
plexer. Which multiplexer channel and 
which sensor is selected are determined by 


the 4-bit control code supplied by the PIC 
(Fig.2, in a moment) to the A, B, C and 
INH pins of IC1 and IC2. 

With ICi’s X5/X path selected, for 
‘example, sensor R1 is in series with resis- 
tor R17 and preset potentiometer VR1. The 
required voltage is tapped at the junction 
between R1 and R17 and fed (in Fig.2) to 
an analogue-to-digital converter (ADC) 
arrangement. The resistance of RI varies 
according to the level of illumination 
falling on it, so resulting in varying volt- 
ages applied to the ADC. YRI is used to set 
the basic range of response. 

Note that switch S5 is only used during 
the simple setting-up process described 
later (it sets a known voltage leve! against 
which the circuit is tuned"). e 


TORE 
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Fig.2. Circuit diagram for the analogue-to-digital and PIC microcontroller stages. 
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ANALOGUE DIGITISING 


The analogue-to-digital converter and 
PIC microcontroller are shown in Fig.2 as 
IC3 and IC4, respectively. "That's never an 
ADC." might cry the uninitiated looking up 
from their component supplier's catalogue, 
“it's a phase-locked loop device". Ah, hah, 
grins author (and others in the "know"*) ~ 
you're right but wrong. 

True, a CMOS 4046 is a PLL, but as 
such it has a voltage controlled oscillator as 
part of its furniture, and if a digital device 
such as a time-controlled binary counter is 
fed with a regular pulse chain from a VCO, 
the result is a binary representation of the 
voltage that caused the frequency. OK? 

This is, then, one of the functions that the 
PIC (IC4) is used to perform — timed pulse 
counting. The frequency output at 1C3 pin 4 
(VCO OUT) is monitored by the PIC via.its 
RA4 pin and software obtains the count val- 
ues obtained with each I.d.r. as it is sampled. 
A bit of analysis provides the information 
on which l.d.r. (if any) is in shadow. 

Basic frequency range relative to sensor 
voltage input is set by capacitor C1 and the 
total resistance across resistor RIS and pre- 
set VR2. The latter is used for adjustment of 
the range during setting up (it too is a sim: 
ple operation, and makes use of an. inge- 
nious bit of test equipment — your ear!) 


Fig.3. Circuit diagram for the mixihg amplifier output stage. 


MUSICAL PIC-UP 


On a repeating cycle of 16, the PIC con- 
stántly looks for the point at which one sensor 
has a considerably lower output value than 
the others. When that point is reached, a tlag 
is set and another cycle of 16 is performed. If 
ihe same sensor is still the one with the low- 
est value, this is the sensor that is taken to be 
in the shadow of the pointer, and hence the 
one that indicates the time of day. 

A further check is then made: has this. 
hour of the day already been detected? If 
the answer is no, then the first of several 
music routines is entered, outputting via 
PORTA a sequence that is loosely reminis- 
cent of the Westminster Chimes (Big Ben) 
— see the source code at label CHIMES. 

The PIC then outputs a series of pips via 
PORTA, the quantity “telling” the hour. on 
a 12-hour clock basis, e.g. eight for 8 a.m. 
12 for noon, eight for 8 p.m. (the full range 
is 5 to 12 and then 1 to 8). Then follows the 
"tune" — as hinted it (hopefully) suggests 
the old classic whose words are (if memo- 
ry serves correctly): 


You are my sunshine 
My only sunshine 

You make me happy 
When skies are grey 
You'll never know dear 
How much I love you 
Please don't take 

My sunshine away 


Various pause lengths are inter- 
spersed between words and notes as 
seemed appropriate. 

The sourcé code listing shows the 
table ‘of definitions (equates) from 
which the PIC's note values have been 


‘chosen (and which you could use if you 


want to write in a different "tune"). The 


“tune calls are shown under label MUSICI. 


There is a novel twist to the musical 
opus. The notes shown in the source code 


‘are generated simultancously on two out- 


puts of PORTA, but to give "colour" to the 
sound, the same notes are also slightly 
shifted in frequency and output via two 
other PORTA pins. The effect is similar to 
that used in many "chorusing" units for 
which various hobbyist magazines used to 
provide constructional data in bygone years 
(ah, nostalgia!). 

The original intention for using four 
outputs of PORTA as sound channels was 
to allow not only more than one frequency 


10 be output simultaneously, but also to 
allow different volume levels to be con- 
trolled by the PIC, theoretically 16 levels. 
But tests showed that the effect was not so- 
pleasing as was expected and the idea was 
dropped: 

There is a hini of it, though, in that the 
chimes and pips are created via twó 
PORTA outputs, whereas the tune uses all 
four outputs, giving a bit more, impact to 
its occurrence following the preliminary 
introductions. 

Just quickly, now, on the rest of the PIC 
pins. Crystal X1 plus capacitors C6 and C7 
set the 10MHz clock frequency at which 
ihe PIC needs to operate. It is imperative to 
use 10MHz (even though the sensors are 
monitored slowly) because of the note fre- 
quencies generated in relation to looped 
clock cycles. 

Pins RBO to RB2 plus RB6 and RB7 
control the sensor channel multiplexing 
through IC1 and IC2. RB6 and RB7, with 
their associated resistors R21 and R22, plus 
switches S3 and S4, are also used diring 
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seüliig-üp, following which the switches 
can be removed. : 
OUTPUT AMPLIFIER 

. Ali four frequency outputs from PORTA 
(RAO to RA3) are summed at the mixing 
amplifier stage around 1C6, shown in Fig.3. 
iC6 is half.of an L272 dual op.amp capable 
of outputting up to 1A of current. A dual 
device was chosen merely because the 
author had some already in stock — expe- 
diency can play an important role in 
designing things, from time to time! 

The levels of the four channels are atten- 
ated from their 5V swing to allow the 
summation without hitting the "end-stops" 
of the op.amp (i.e. keeping the total level 
below the clipping point). Preset poten- 
tiometer VR3 is used to set the required 
gain. If preferred, an external control with 
knob could be used instead of a preset. 

Don't annoy your neighbours by setting 
ioo high a volume when the Sundial’s 
installed outdoors (and where else could 
you instal it, for that matter? Oh, your con- 
servatory or greenhouse, perhaps). 

Preferably choose a speaker with a plas= 
tic (rather than paper) cone, better suiting it 
to outdoor use. 

Capacitor C13 is optional. It smooths off 
the comers of the square wave signals, but 
the author preferred the sound without it. 

The purpose of switch S2 will be dis- 
cussed when we get to the setting-up, and 
that’s the only timé it's needed» 


POWER SUPPLY 


At the outset, it had seenied appropriate 


To use a solar panel to power the Sundial 


and extensive tests in the garden were car- 
ried out. Tt was found, however, that 
although under ideal conditions the solar 
panel did the job satisfactorily, it was when 
conditions changed that difficulties arose. 
Nominally, the solar panel (RS 194-098) 
outputs 12V under open-circuit conditions. 
The data sheet says this drops to 7-5V when 
under load. in itself, this is adequate for reg- 
ulating down to 5V as required by the PIC. 
Jt was the current drawn by the audio 
amplifier that was one of the problems, 
reducing the solar generated voltage to lev- 
els nearer to 6V and below the threshold at 
which the regulator IC5 could operate. The 
result was unpredictable functioning of the 
PIC and incorrect l.d.r. value interpretation. 
Furthermore, the situation was greatly 
aggravated when a sudden drop in light 
level falling on the solar panel occurred. 
This could happen when a person's shadow 
passed across the panel, cutting: off the 
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ALL LEAD-OFF CONNECTIONS 
MADE ON REAR OF PCB. 


LS! AND C15 ARE SECURED TO CASE S 
WITH DOUELE-SIDED ADHESIVE PADS 


CONNECTOR FOR B1 


Stand about 8mm above the surface of the p.c.b. 


‘main light source. Undóubtedly, inquisitive 
hands of those studying the Sundial (kids 
and adults alike!) would find their way in 
front of the panel, disrupting operation. 

Considerable thought was given to using 
the solar panel to keep a battery backed-up. 
powering the Sundial from the battery 
rather than the panel. The question then 
arose about whether a 6V battery should be 
used, with the resultant loss of the ability to 
maintain the circuit voltage at 5V using a 
regulator chip (Zener diodes require a resis- 
tor in series with them. so affecting the 
current flow, and were thus rejected in the 
considerations). 4 

A 9V battery would allow regulation, but 
it would require a recharging input voltage 
above that which the solar panel could pro- 
vide. The thought of adding a second pane! 
in series was rejected on cost grounds. 
Switched mode voltage step-up was con- 
sidered, to increase the solar generated 
voltage above that needed, either by the 
hattery being charged, or by the regulator 
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used to provide 5V. But it was all beginning 
io get a bit more complicated than the 
author wanted to be involved with. 

The upshot is that the suggested supply 
is a 9V PP3 battery (rechargeable by an 
indoors charger, perhaps), regulated down 
to 5V by ICS for the sake of the PIC, mul- 
tiplexers and VCO. but provided "neat" 
(via diode D1) to the audio amplifier IÇ6. 
^ compromise solution. and one which you 
may choose to ignore, experimenting with 
providing a solar power option — it would 
be the "preferred" way of powering a 
Sundial, wouldn't ii? — 

You might consider Bart Trepak's power 
Storage solution from his Mechanical 
Radio (April '99) in which a very high 
value capacitor was üsed. 


CONSTRUCTION i 
Our p.c.b. manufacturers can readily 
produce circular boards, and that’s what is 
being supplied through the EPE PCB 
Service, as code 231. The Component 


S2 10 85 ARE FOR TEST PURPOSES ONLY 
(NCLUDING FOR USE WITH FUTURE PIC DATA LOGGER) 


Fig.4. Printed circuit board component layout and interwiring. The full size copper track master is shown opposite. Note that 


capacitor C3 and crystal X1 are mounted flat and that C5 is also mounted ilat above R1 9/H20/D2. The tops of the L.d.r.s should 


layout and tracking details for the board fire 
shown in Fig.4. 

Originally, before a suitable circular case 
was envisaged, the author intended to 
mount the board in a rectangular box with 
transparent lid. — hence the “unoccupied” 
bit cut off the board as seen in the photos. 
It’s up to you whether you do similarly. 

Make the on-board link wires first, not- 
ing that one will partly lie under IC4. Use 
low-profile sockets for all dual-in-line i.c.s. 
The Late should be mounted so that their 
heads will be roughly level with the top 
surfaces of the i.c.s (abour 8mm above the 
p.c.b.). The author didn't, and although it 
does not really matter too much, the extra 
sensor height could be beneficial when the 
Sun is close to the horizon, casting long 
shadows from the components as well as 
the pointer. Do not angle the individual 
sensors towards the Sun's expected posi- 
tion, keep them pointing upwards. The 
Ld.rs have no polarity and can be inserted 
either way round. 
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Overseas readers should read the 
Latitude section for information on l.d.r. 
mounting. 

Incidentally, if you already have a stock 
of ORP12s, vou could no doubt use them 
instead of the VT935G devices — they 
have similar characteristics, but a thicker 
pointer will certainly be needed (as stated 
earlier). They will also need to be mounted 
with their heads outside the board edge. 

Capacitor C2 (not shown in photo), C3 
and C5 should be mounted horizontally, as 


ag 
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should crystal X1. Observe the correct 
polarity of the electrolytic capacitors and 
diode D1. : 

Loudspeaker LS1 and capacitor C15 are 
mounted off-board — ultimately secured to 
the case (but don't do it yet) using double- 
sided foam-filled self-adhesive tape 
(Selloiape Fixer Strip). Once stuck never 
parted. would be a good motto for this 
stuff, make sure you get it right first time! 

Temporarily connect LS1, C15 and all 
the switches to the rear (track side) of the 


D 
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Coniporént layout.on the completed circuit board. 
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board, using wires of abou! 15cms long (or 
so). They don't need to be neatly done at 
this stage, and S2 to S5 will eventually be 
removed anyway. 


FIRST TESTS 


As always, the very first thing to clieck is 
that all your solder joints and component 
positionings are correct, and that there are 
no shorts between tracks. 

Then, with IC] to ICH plus ICo-omitted, 
connect the battery. swifch on and check 
that you are getting 5V out of regulator 
IC5, within about five per cent. 


COMPONENTS 


Resistors 
RitoR1G "VT935G min. light 
- dependent resistor 
see text) (16 off) 


R7, R21, " T See 
R22,.R30 1k (40 

RIB.AIS 10k (2 of SHOP 

A20 1000 

R23 to R29 100k (7 off TALK 

R31 102 page 

R17 tó R31 all 0-25W 5% or better. 

Potentiometers 

VR1 2k2 min. preset, round 

VR2 100k min. preset, round 

VR3 .50k min. preset, round 

Capacitors 
C1, C4, 
C810 C12, ` 
C14 100n ceramic disc — . 
{5mm spacing) (8 oif) 

C2, C3 22u elect, radial 16V 

" (2 oif) 

C5 ip elect, radial 63V 

C6, C7 TOp polystyrene or 
'ceramic (2 off) 

C13 1n8 polystyrene or 
ceramic (see text) 

C15 2200p elect, axial 16V 

Semiconductors i 

D1, D2 1N4148 signal diode 
(2 off) 

IC1,1C2 4051 8-way analogue 
multiplexer 

IC3 4046 phase locked loop 

IC4 PIC16C84 (or PIC16F84) 
pre-programmed 
microcontroller 

f (ses text) 

(C5 78L05 +5V voltage 
regulator, 100mMA ` ` 

ic6 L272 dual power op.amp 

Miscellaneous 
S1toS5 min. s.pis.t. toggle switch 
- (see text) (5 off) 

LSL 82 O-2W speaker, 
50mm diameter, 
plastic cone 

Xi 10MHz crystal 


Printed circuit board, available from 
the EPE PCB Service, code 231: Bom 
d.il. socket; 16-pin d.i. socket (3 aff); 
18-pin d.i.l. socket; pointer plus protec- 
tive top (see text); self-adhesive p.c.b. 
supports (see text) (4 off); foamed-filled 
double-sided fixer strip (see text); circular 
case to suit, clear lid (see text); coloured 
card; waterproof sealant; sunshine (see 
weather forecast); connecting wires:. 


o £35 


excluding case 


Approx. Cos? 
Guidance Only 
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If you're satisfied, switch off and insert 
the other i.c.s. The PIC (IC4) needs 10 have 
been programmed, of course (see 
Resources, later). 

The next stage can be done indoors, and 
without a sun in sight — just a-lamp of 
about 100 watts at about one or two metres 
slightly to one side of the board, enough for 
8 pointer to cast a decent shadow. 

Set VRI fully anti-clockwise, VR2-and 
VR3 midway. Switch on S3 first and then 
switch on S1 (Power). Leave switches S2, 
S4 and S5 swiiched off. 


CALLING THE TUNE 


The PIC should iminediately start run- 
ning, but before it reaches the main pro- 
gram it will spot that $3 is switched on and 
will go into the first of two test modes. In 
this first mode, a constant 440Hz frequency 
(Concert A to the musical) is generated and 
output via PORTA to IC6 and the speaker: 
Adjust the level with VR3 if preferred. 

Switch on S5 to provide +5V to the input 
of the VCO (IC3 pin 9), bypassing the 
effect of the Lëtz and multiplexers. The 
VCO will now output the maximum fre- 
quency of which it is capable at this voltage 
and setting of VR2. Switch on S2 to couple 
the VCO output to the op.amp mixer via the 
fifth resistive input (R27). 1 

You will now hear two notes, the original 
440Hz, and that from the VCO. What you 
need to do is adjust VR2 until the two notes 
are pretty much the same frequency. It's 
easier than you may think. 

Slowly rotate VR2's wiper backwards 
and forwards and listen to the frequencies. 
Unless you are tone deaf (in which ease get 
help from someone who isn "OU you should 
-hear the frequencies getting closer to each 
other and then further apart. Thé nearer the 
two frequencies become matched, so an 
extra "beat" note will be heard, running at 
a very slow rate. Carefully adjust VR2 until 
the beat stops (or almost), at which point 
the frequencies are the same. 

Be aware, though, that beat frequencies 
will occur when the two frequencies are 
almost two or more octaves apart. With a 
little bit of concentration you should be 
able to determine which is the correct. 
octave to be working in for the VCO. 

A more technological way of matching 
the frequencies would be to use a doublc- 
trace Oscilloscope, in which case frequency 
matching is a doddle, you see it happen. 
The audio method has been included purely 
for the sake oí less well-equipped readers. 

The objective of this tuning is to bring 
the VCO's frequency into a range that pro- 
duces sensor-determined frequencies that 
fall within a band optimised for the soft- 
ware. Too high a VCO frequency and the 
PIC's internal registers would roll-over 
beyond their limits. Too low a frequency 
and there will be insufficient resolution 
between the readings for different sensors. 


TESTING STAGE TWO 


Once you are happy with the tuning (and 
it does not need to be precise). do not 
make any further adjustments to VR2. 

Now switch off SI, S2, S3, and SS. 
Allow a few seconds for ihe power line 
capacitors to discharge. Then switch on S4 
followed by S1 to power up the Sundial in 
its second test mode. Switch off S4 a 
couple of seconds after switching on S1. 
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The software | 
now goes imo a 
repeating cycle in 
which the sensors 
are sampled and if 
any one is found to 
be significanily less 
well-illuminated 
than the others, the 
pips relative to the 
hour represented 
are sounded. 

An additional 
lower frequency pip 
will briefly sound 
as each sensor is 
Sampled. 16 to each 
full cycle, plus one 
extra slightly longer 
Pip to mark the start 
of the cycle. The 
whole cycle takes 
about 50 seconds. 

Under workroom (see text). 
conditions and with 
a ball-poini pen as the source of the shadow 
Caused by the sideways lighting referred to 
earlier, you should be able to rotate the 
board so that the shadow can be made to 
fall on any one of the sensors. For as long 
as the sensor is in shadow, the correct pip 
count should occur at the end of each Cycle. 

You could even mask off each sensor in 
turn with non-translucent sticky tape (insu- 
lating tape, for example) just to check that 
the software is reading the sensors ade- 
quately and that the pip generation system 
is being triggered. If necessary. slightly 
reduce the setting of VR1 until the software 
responds to all individuatly shadowed (or 
covered) sensors. (Incidentally. switching 
on S2 will allqw you to hear the tones 
created as each sensor is sampled.) 


PHASE THREE 


Once this test is complete and all sensors 
cause pips when in shadow, switch off S1. 
Allow a few seconds ta lapse, and again 
switch on S1 (on its own). 

The software now allows the main pro- 
gram to be entered and run (we'll talk later 
about the short phrase of music you will 
hear first — ignore it for now). On each 
occasion that any sensor is found to be in 


Shadow, and if that sensor is not the onc 


previously in shadow, the chimes. pips and 
full tune-generating sequences are played. 
The sensors are sampled as a i6-item 


“Sequence ance every 16 seconds or so. and 
the same sensor needs to be in shadow for 


two consecutive cycles in order to trigger 
the music sequence. 

Once the music for any sensor has been 
Played, it will not play again for that sensor 
"until after another sensor has triggered the 
music. In theory this means that each sen- 
sor will only cause its own sequence Jo 
occur once daily. 

It is, of course, a system that can be 
deliberately confused by the malicious! 
Indeed, this is probably a way in which you 
and others can have fun, deliberately caus- 
ing shadows to occur over the sensors in 
random order. If the shadow remains in 
Place long enough, the music for that sen- 
Sor will be triggered, irrespective of the 
correct hour of the day. And the author has 
no intention of being a spoil-sport by writ- 
ing misuse-proof Sundial software! 


Sensor sample levels 


as captured on the EPE Virtual ‘Scope 


JABDINARY JINGLES 


What's the weather like out there now? 1f 
it’s nice and sunny, take the Sundial out as 
it is. Never mind the casing, that can wait. 
Place the whole construction ón a table in 
the garden. 

Under extemal sunlit conditions, ii is 
necessary to adjust preset VRI to set the 
potential divider chain (sensor, R17 and 
VR1) to a value more appropriate to the 
stronger lighting conditions than experi- 
enced indoors. 

Stage one of the setting-up does not need 
repeating. Go straight into stage two by 
switching on S4 followed.by S1, and then 
S4 off again. 

Vertically fix your pointer at the central 
position on the board (temporarily). Rotate 
the board until all sensors are in full sun- 
light without a shadow being cast on them. 
It is likely that because VRI is still at its 
indoor light setting. the software will 
decide thai at least one sensor is in shade 
compared to the others, and will pip at you 
accordingly. Slowly adjust VR clockwise 
until this fails to happen. and adjust clock- 
wise a mere traction more. This may. take 
severa! minutes to complete. 

Now rotate the board until the shadow 
falls across the 5 a.m. sensor. Wait for the 
pips. then rotate the board until the shadow 
is across the 6 a.m. sensor, again wait for 
the pips. Repeat until all 16 sensors have 
been tested for the correct pip response. 
‘Should any sensor not respond correctly, it 
is likely to be because the sofiware thinks 
another sensor is in greater shadow. Further 
reduce VR. just fractionally, until the mis- 
triggering ceases. 

Basically, that’s all there is to it. It may 
take you some while until you're happy 
with the setting of VR1, but you do enjoy 
being out on a nice sunny day, don't you? 

What is being done by the adjustment of 
VRi is to reduce the sensitivity of the sèn- 
'sor/divider chain to take into account varja- 
tion in the inherent mis-balances between 
ithe response of individual sensors. 

To illustrate the point, the Sundial circuit 
‘was monitored under artificial light condi- 
tions using the EPE Virtual Scope Jan/Feb 
'98). The sampling rate was set for one 
sample per second, the screen trace taking 
about 22 seconds to cross from one side to 
the other. 
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The photograph of the recorded screen 
data shows 21 (and-a-bit) sensor periods, 
synchronised to the negative-going pulse 
caused by one sensor being in shadow. This 
pulse is followed by 15 other sensor sam- 
ples (look closely), before the second large 
negative dip which indicates the start of the 
‘next batch of 16 samples. 

Each of the other samples in the display 
‘represents the voltage output by the 
sensors that are under the same levels of 
illumination. 

If VRI is inadequately set, you can 
‘imagine that the sampled values are going 
to occur either too far above or 100 far 
below the trigger point, resulting in either 
the wrong sensor being taken as in shadow, 
or none at all. If you later find that VR1 is 
Not quite correct, you can always adjust it 
fractionally. 

(The positive-going blip at period 17/18 
is due to the capture of a very fast interval 
in the sampling process in which the soft- 
ware goes off on another errand. This hap- 
pens on each sample, but it's coincidence 
that it should have been captured during the 
brief sensor samplings made by the Virtual 
Scope.) 


SUNDANCE KID 


You're not quite through with checking 
the music of the “celestial dance". but first 
you have to relax a while. Switch off S1. 
You are now going to let the earth rotate 
and the grass grow under your feet, proba- 
bly for about half an hour. 

With the Sundial switched off, position it 
so that the shadow falls between two of the 
sensors. Switch the Sundial back on with 
all other switches left off. After a few sec- 
onds a snatch of music will be played at 
you, but without chimes or pips. This is the 
phrase of music played when the sun re- 
appears after a period of absence or 
-dullness: 


You are my sunshine 
My only sunshine 


Now the software repeatedly samples 
all sensors until (eventually) it finds that 
one is in shadow. The full tune is then 
played, preceded by chimes and pips. 
What we want you to do is to wait for the 
shadow to reach a sensor and trigger the 
music without any assistance from you. 
But “listen very closely. we shall play this 
only once" — having sounded the hour, 
there's an hour's wait until the next hour 
is sounded. Do what you like in the 
meantime! 

Actually, what you could do is have a bit 
of idle fun. Using this copy of EPE that you 
are reading now, cast a shadow over all the 
sensors together — simulating a cloud, of 
course. Within a few moments. the "sun's. 
gone” music phrase will play: 


Please don't take 
My sunshine away 


Remove the shadow (the sun's come 
out, and shortly thereafter you will again 
be-serenaded with: 


You are my sunshine 
My only sunshine 


Fup, isn’t it! 


Evéryday Practical Electronics/ETI, June 1999 


SAMPLING ROUTINE - 


You will probably notice sooner or later 
that the sensors are not connected to the mul- 
tiplexers in strict hourly progression. The 
p.c.b. was designed for the ease of tracking 
simplicity and strict sensor sequence was 
ignored. Software takes care of this, using a 
lookup table to determine which counting 
loop value relates 10 which sensor. The pro- 


.gram's lookup sequence is shown in the 


source code listing at label LDRVAL. 

During the sampling, it is not the actual 
value of each ADC result that is important, 
it is its value relative to an overall averaged 
value, The sixteen samples of each group 
are totalled and then averaged. but while 
the samples are being taken, thé lowest 
value and its sensor position are noted. That 
value is then subtracted from the average. If 
the difference is greater than a software-set 
trigger value, then the hourly music 
sequence is entered (unless previously trig- 
gered by that same sensor). 

lí the difference is less than the trigger 
value. the result is ignored, and this is what 
happens when the sun is not causing shad- 
ows, nothing = no shadow, no trigger, no 
music! i 

However, the intention of the way in 
which the sampling routine has been writ- 
ten is to allow the hours music to be trig- 
gered by any individual shadowed sensor 
somewhat regardless of the sunlight inten- 
sity. If there is a fairly distinct shadow. the 
Sundial should respond accordingly 
(slightly readjust VR1 to increase the sensi- 
tivity if you think fit). 

The technique used also helps negate the 
@ffect of temperature drift. 

(You will also see various calls to Led 
‘routines in the source code. Ignore them, 
they were used by the author during early 
development stages.) 


SUNDIAL CASE 


What. sunset arrived already? An appro- 
priate time, then, to go indoors and put the 
“Sundial into its case. 

Conventionally. probably most of us arc 
used to thinking in terms of rectangular 
cases. There is sound financial sense in this 
— the more conventional the case, the less 
it's likely to cost. For Sundial, though, 
there is the opportunity to be a bit different 
without it costing the earth. 


So it’s a circular case eg 
that’s suggested, 
and it might e? 
almost be P 
bought y 
at the 1 


type ‘of shop that says "anything 206", 
although in fact it may cost a fiver. The 
suggestion is to use the case of a battery- 
powered kitchen-type clock, removing its 
mechanism. Indeed, you may already have 
such a clock that ficks-nay-more ` sitting 
around the attic or garage. A car boot'sal&or 


‘a market might also be a good source. 


Capacitor C15 and thé miniature 
loudspeaker are fixed in position using 
double-sided adhesive pads. 


The author's clock had two plastic tabs 
that needed pressing in to release the trans- 
parent cover. The hands then pulled off eas- 
ily, revealing a large screwed bush that 
thin-nosed pliers removed without. prob- 
lem. And that was it. mechanism gone. 

The face was then covered with a 
coloured card cut 16 shape and size, sécured 
with double-sided sticky tape. A hole was 
poked through the centre to allow the 
switch and speaker wires to be passed 
through from the p.é.b. After which, sef- 
adhesive p.c.b. supports were used 1o 


‘secure the p.c.b. centrally on the card. The 


cover was then replaced good as gold, job 
nearly done. 

It just remained to secure the speaker and 
capacitor C15 (as said earlier), reconnect 
them to their wires (you did colour code 
yours, didn't you?), and to provide a 
pointer. 


GARDEN GNOMON 


In all the early experimentation siapes a 
new ball-point pen was used as the pointer. 

It was the right length and thickness. 
and the ink inside it 
allowed a dense 
shadow to be 
cast. ft was 
only 
when 


publication photography time approached 
that this pointer was replaced by something 
a-bit more photogenic. 

It happened to be in one of the author's 
numerous spares boxes (everything's use- 
ful, little ever gets thrown out) — it was a 
white plastic tube (which may have once 
helped keep a fish-tank ventilated). [t was 
cut to ball-point pen length (about 14cm) 
and its bore was Just the right size to push 
securely over the top of another self-adhe- 
sive p.c.b. support, which conveniently was 
then stuck down on the clock case cover. 


immediately above the central point of the - 


p.c.b. There's no reason, though, why you 
should not use some other form of pointer 
and securing mount. 

What is absolutely vital. though. is that 
you place an eye-protecting cover on the 
top of the pointer. As chance would have it, 
a potentiometer screw-secure knob fitted 
the prototype's pointer perfectly, but covers 
to protect the tops of bamboo garden canes 
are available from garden centres and may 
prove suitable. 

Whatever you use, though, it must be firm- 
ly fixed. We don't want you to be responsible 
if someone bends over the Sundial in exeite- 
ment and fails to notice an unprotected point- 
er until too late. We mean it! 

Ultimately, if you intend to leave the 
Sundial in the garden. a waterproof sealant 
should be added around the lid/case junc- 
tion. A clear bath-tub calk should be suit: 
able (from DIY shops). 


ENCOMPASSING 


THE SUN 


With a bit of minor carpentry, the 
Sundial could be mounted on a wooden 
platform secured to a post set into the gar- 
den where the sun is likely to reach 
throughout the day. Avoid being too close 
to a greenhouse or other reflective building 
otherwise the reflections might shine into 
the shadow area of the pointer. 

We come now to an interesting situation 
— alignment. You naturally think (we 


expect) that you position the Sundial so that 


the 12-noon pips will sound at 12-noon. 
But are you correct? It's a sundial, not a 
clock, and it's the sun that's being moni- 
tored. not the somewhat arbitrary time 
specified by your National "powers that 
be". Strictly speaking. you should align it 
So that the noon pips sound when the sun is 
immediately due south. 


The greát Janiar Mantar observatory at Jaipur, India. Bump 
around 1742, this one acre site is filled with numerous types 
of "sundial' minutely inscribed with planetary and solar 
motions relative to the évery-changing sun-cast shadow 


positions: 
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Take Wimborne (where EPE is prd- 


-duced) as an example. Wimborne's clocks 


are timed to match the time at Greenwich, 
London. over 100 miles to the east. But as 
far as the sun's location in the sky is con- 
cerned, when its noon at Greenwich (sun at 
its highest daily point in the sky above 


Greenwich ie. immediately due South), 


sun-wise at Wimborne it's still earlier than 
that, by . . . well, let's work it out: 

The Earth is round (we do believe!) and 
SO circular measurement in degrees is 
appropriate — 360° degrees of rotation per 
24 hours of time. One hour thus represents 
360/24 — 15*. Wimborne is almost exactly 
2° west of Greenwich. and so its noon 
occurs 60/(15/2) — 8 minutes later than at 
Greenwich. 

Naturally the choice is yours. to align 
with National (or State) time or true local. 
sun time. A map will tell you the degrees of 
difference between your national and local 
meridians, and then a compass will hip 
you align the Sundial. (Did you know that 
it was not until the coming of the railways 
that local and national times were standard- 
ised — in about 1883/84?) 

The business of correcting for daylight 
saving time (GMT/BST) also seems irrele- 
vant in this context — have you ever seen a 
gang of workmen tuming a churchyard 
sundial to compensate? Of course not! 


LATITUDE 


The previous section covers time dis- 
placement with longitude, bùt the question 
of latitude (position north or south of the 
equator) is a bit tricky! 

With the Earth's axis being tilted, the 
vertical angle at which we view the sun 
changes with the seasons. For those living 
fairly well north of the Tropic of Cancer 
(23° 28 N), e.g. in Europe or North 


America, the Sundial can be used “as is" as 


the sun will always cause the pointer to casi 
a clockwise moving shadow. 

However. for readers living fairly well 
south of the Tropic of Capricorn (23° 28' 
S), e.g. in Australia or New Zealand, the 
pointer's shadow will always move in an 


anti-clockwise direction. These readers 


should mount the Ldrs on the rear (track 


side) of the board and mount the board in 


the case upside-down. 

An absolute solution cannot be given to 
readers who live between the two zones. H 
is likely that many will find that the 

- shadow 's direction of 

F bi movement changes 
across the months, 
with it actually mov- 
; ing in a straight line 
during some periods. 
Perhaps putting . the 
Sundial on a hinged 
. base plate might pro 
vide an answer, 


angling it so that more of an arced shadow 
track is produced. 

EPE will be pleased to hear from “tropi< 
cal” readers who find a practical answer 
that can be shared with others. 


RESOURCES 


The software was written in TASM and 
is available as source (text) ‘and object 
(binary) codes on a 3.5inch disk available 
from the EPE PCB and Software Service 
(PIC DISK 2) — 'see that page for cost 
details. [t is also available free from the 
EPE web site. Sce the Shop Talk page for 
more information om both matters, plus 
details about ready-programmed PICs. 


PIC'S PROGRESS 

At the time of conception, the PIC16x84 
was the only PIC the author would consid- 
er using; it can be readily reprogrammed as 
often as you like without the hassle of ultra- 
violet erasers. ADC-wise, the author has 
often used VCOs to provide A-to-D sam- 
pling across a range greater than 8-bit but 
without the associated expense of ADC 
chips having greater resolution. 

Furihermore, he had already messed 
around with programming PICs for "musi- 
cal" audio output (PIC-OLO of Aug '97, for 
example). In other words, half the work was 
already done and it was along these lines 
that it progressed. 

However, à snag arose — the British 
weather in 1998! Although the hardware 
and software took shape quite speedily, its 
ful! testing was seriously hampered by the 
lack of sun at the right moments. 

Now that the Musical Sundial is ready, 
the irony is that technology has moved on 
in the intervening months and the design 
could now be achieved with fewer chips! 
The new PICI6F87x chips have several 


channels of built-in 10-bit ADC — eight 


for the PICIGF877. This latter chip could 
thus have been used to replace VCO 1C3 
and one of the multiplexers. while still 
handling 16 sensors. 

But there comes a point, though, when 
even the most dedicated designer has to say 
"enough is enough" and go with the Mk] 
version even though the Mk? is now feasible. 
That's what's presented here, Sundial Mk]. 
Interestingly, its probably slightly cheaper 
than it would have been had the PICIGF877 
been used. The end result is also no different 
10 what Mk2 could do — providing fun and 
interest to Whimsical observers of all ages. 
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WEB-DIAL 


The British Sundial Society: httpz/vrww.sundlals.co.tik. 
The North American Sundial Society: 
http:/Avww-.shadow.net/~bobt/nass/nass:htm 

Over 300 sundiat links via: 


httpz/www.ph-cip.uni-koéln.de/-roth/slinks.html 
Also of interest: 

httpz/www.kyes-world.com 

http://www.pefarm.com j 

http//vvww.geocities.com/Heartland/71 34/Shadow/ghsundial 

http:/pbweb.netcom.com/-abraxas2 
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FED PIC.BASIC 


Develop on à PIC — Download and 
run on the module in seconds! 
Compiler Available. 


BASIC 


* ALL modules have 8K EEPROM 

e Local Variables, User defined functions 
and subroutines. Sub-Byte Variables 

o Standalone operation — module 
includes 5V regulator, oscillator, 

EEPROM, IDC connectors & RS232 

compatible Serial port 

e Full VO support, LCD & LED display 
drivers, Infra-Red remote control, DC, 

PWM', Interrupt Support", A/D converter 

Inputs" 


*16C74 version only 


BASIC Development Environment 


e Win NT/95/98 (v3.1 version available) 

o Integrated Editor — syntax hightight, 
display of variables as program runs, 

full project environment etc. FREE with all 

our Modules 


Forest Electronic Developments 


- . 60 Walkford Rosd, Christchurch. Dorset, BH23 5QG. 
i— - E-mail — "robin abbott?dial.pipex cam" ' e 
e Web Site —“hitp:/fdspace ial pipex.com/robin abbot/FED" 


SQUIRES 


MODEL AND CRAFT TOOLS 


A comprehensive range of Miniature Hand and Power Tools 
and now an extensive range of 
Electronic Components 
featured in a fully illustrated 


336-page Mail Order Catalogue 


1999 Issue 


SAME DAY DESPATCH 
FREE POST & PACKING 


Catalogue free of charge to addresses in United Kingdom. 
For overseas send 6 International Reply Coupons to: 


Squires, 100 London Road, 
Bognor Regis, West Sussex 
PO21 IDD 
Tel: 01243 842424 
nn Fax 01243842525. eg 


SHOP NOW OPEN 
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Develop PIC Applications with FED’s PIC BASIC 
I! PRICES SLASHED !! 


Coming Soon from FED 


C Compiler 


for PIC & AVR, see web site 


I 
—————- 4 


Prices are fully inclusive, Add £3.00 for 
P&P and handling to each order. 
Cheques/POs payable to Forest Electronic 
Developments, or phone with credit card 
01425-274068 (Voice/Fax) details: 


FED PIE BASIC Products 


16C57 version — 4MHz 
£20.00 Kit, £25.00 Built & Tested 


16C74 version - 4 & 20MHz 


£30.00 Kit, £35.00 Built & Tested 
(Add £3.00 for 20MHz version) 


‘BASIC COMPILER for 
PIC16C74 
è Produce Standalone code 
e Fully compatible with 16C74, 
module — develop on EEPROM 
module. and then blow to 16074 


Price £30.00 


Programmer & development 
environment for PIC and AVR 


We have programmers and Windows 
based development for 

PIC and AVR chips. Write or phone 
for details or see our web site 


[Free Additional Transmitter 


with every order ! 


UK Manufactured 


© 
= T 


Low Prices! 
Ei 


Order the FM TXM-418-A;F and SILRX-418-A/F 
pair (as shown above) for only £25.00 + VAT and 


' get an additionattransmitter IreeE P. & PE 1.50 


Please calf for afres catalogue, wall chart or a 


competitive voiume quotation on an any 
Radiometrix Ltd module. Simply jus! e-mail 
sales@radtec.demon.co.uk. alternatively Fax or 
Telephone quoting ref: EPE-RM1 

Fax +44(0)1992 561994 


=> httpzfwww.radlo-tech.co-uk 
A\adio - Tech Radio-Tech Limited 


Your official Radiometrix Distributor 


Telephone 444(/08992 576107 
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Regular Clinic === 


CIBCUI 
SURGE. 


ALAN WINSTANLEY 
and IAN BELL 


Our in-house team of “surgeons” continue théir exploration of current 
mirrors and current sources, with a quick look at soldering, Deh etching 


Cre SURGERY is our popular forum 
for discussing readers' electronics- 
related problems, so if you have any 
queries you can contact the authors at the 
postal or E-mail addresses given at the end. 
We read every letter and try to offer help 
wherever possible, and although we cannot 
always guarantee an immediate or person- 
al reply to every query, we publish a selec: 
lion from our postbag every month. 

Last month we announced an addition to 
the Circuit Surgery team — lan Bell of the 
School of Engineering at the University of 
Hull, who helped to write our series for 
City & Guilds students: Teach-In 98 — An 
Introduction to Digital Electronics (EPE 
Nov. 97 — Sept. 98). lan's in-depth knowl- 
edge of many aspects of digital and ana- 
logue electronics helps us to provide 
advice on a much broader range of topics. 
Keep those questions rolling in! 


Current Sources Keep 
Flowing 
Previously we looked at some of thé the: 


ory and concepts relating to current 


sources. Let's move on to some circuits 
and applications. 

The transistor provides us with a ready 
means of creating a current source. 
Transistors work by using a voltage at the 
gate (field effect transistor or f.c.1.) or base 
(bipolar junction transistor or bit) to con- 
Dol the current from source to drain (Le? 
or from collector to emitter (b.j.t.). Thus if 
we make the voltage on the base (b) of a 


Fig.1. The bipolar juncton transistor 
(bj.t.) as a current source; (a) transis- 
tor as a current source and (b) possible 
circuit based on (a), 
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and electroplating too. 


b.i:. constant we get a constant collector 
current, so the collector is the output of à 
current source (see Fig.1). 

You may be thinking that it is the base 
current which controls a bie collector 
current — true. but there is a fixed relation- 
ship between base vollage and collector 
current, so a given base voltage results in a 
particular base current. The reason we 
often think base current as the "input" is 
uie simple relationship between base cur- 
rent and collector current (the transistor’s 
gain), whereas the base-voltage to collec- 
tór-current relationship fora bit. involves 
an- exponential equation, 

We could obtain a fixed voltage for our 
Iransistor’s base simply by using a poten- 
tial divider (see Fig.1b). As long as the 
Current in the resistors was much larger 
than the base current, the voltage at the 
base would be fairly well fixed. Note that 
this is an application of internal resistance 
~ the potential divider can be thought of as 
a voltage source whose internal resistance 
must be much lower than the base-emitte? 
resistance of the transistor. 

. This circuit does not work very well 


‘because the current changes with tempéra- 


ture — all semiconductor devices such as 
diodes and transistors are very temperature 
sensitive. The current will also change 
quite a bit if the supply voltage changes, 
due to the exponential base-voliage to 
collector current relationship. 


Mirror Mirror... 

Now for the first clever bit: if we “push” 
a current into the transisior’s collector at 
the same time as providing it with some 
means of taking whatever base current it 
needs, then a particular base voltage Vo 
will develop (See Fig. 2a). This may seem 
a bit strange as we normally think of the 
collector as the output; however, there isa 
“one-to-one mathematical” relationship 
between base-emitter voltage and collector 
current so if we control one then wë con- 
trol the other. 

If we combine the ideas in Fig.la and 
Fig.2a we arrive at ihe circuit in Fig. 2b. In 
this circuit a current is pushed into transis- 
tor TRI causing a ceriain voltage Var at its 


base. The second transistor TR2 has the 
same base-emitter voltage as the first tran- 
sistor because their bases and emitters are 


'connected. 


Now for the second clever bit: If the tivo 
Íransistors in Fig.2b are identical, then 
because their base-emitter voltages are the 
same and there is a fixed relationship 
between base-emitter voltage and collector 
current the two transistors will have the 
same collector current (except for a small 
error due to the base current of TR 1). This 
circuits known as a current mirror — cir- 
cuits like this are very imporiant in ana- 
logue integrated circuit design. 

Current mirrors take a current and pro- 
duce a copy of it, in fact they can produce 
multiple copies as shown in Fig.3. This 
type of circuit is often used to produce bias 
current in analogue i.c.s. 

Questions that arise from Fig.3 are: what 
exactly do we mean bv ideniical? How do 
‘we make identical transistors? 

Transistors are identical, or more realis- 
tically very similar (known as matched 
transistors), if they have the same parame- 
ters (gain etc.) and the same physical con- 
ditions (temperature ete.). This can be 
achieved by making them the same size 


Fig.2. illustrating the Current Mirror, 
which takes a current and produces a 
copy of it. (a) "Push" a current into the 
collector and (b) combine Fig.1 (TR2) 
and Fig.2(a) and we get a ‘current 
mirror. This is a very important applica- 
tion in analogue integrated circuit 
design. 
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and’ shape and close together on the same 
piece of silicon. Chip designers know 
various tricks to make sure their matched 
transistors are closely matched. These cir- 
cuits are therefore a bit difficult for the 
constructor to use because discrete transis- 
tors rarely have matched parameters, and. 
keeping them at the same temperature is 
nol easy. 

Tt is possible to buy trausistor array chips 
that provide better thermal matching (e.g. 
CA3086 from Harris). Better still are 
specifically matched transistors Such as the 
SSM-220 matched pnp pair from Analog 
Devices. 


Finding the Source 

To produce a current source we have to 
supply a fixed reference current as Jm in 
Fig.2b. lt turns out that this is quite easy to 
do, all we need is a resistor from the sup- 
ply to the collector/base of TRI (see Fig. 
4). To calculate the value of R we assume 
that the base-emitter voltage of the transis- 
tor is fixed at about Mee = 0-6 to 07V. If 
Vec is the supply voltage (+V) shown in 
the diagram, the output current Jour is then 

lour-(Vcc-VsgYR. 

Here we have a kind of "doüblethink". 
The variation in Ver is what allows us to 
set Jeu, however we can assume Vag is 
fixed for this calculation. This is due to the 
exponential variation of Je wilh Vgc, which 
we mentioned earlier — Vgg changes very 
little for large changes in /c. 

The circuits used on analogue chips are 
often more complex than Fig.2a and Fig.4, 
and they use additional transistors to over- 
come some of the imperfections of a basic 
current mirror. 


A Trick of the Tail 

Turning to some practical uses of a cur- 
rent source, they are very useful when used 
in a biasing circuit. Fig.5a shows a basic 


t^ (E 
UT, 


Fig.3. A current mirror can make multi- 
ple copies oí a current. 


Fig.4. A current source based on a Gur- 
rent mirror. TR1 ànd TR2 are matched 
transistors. 


v) 


Fig.5a. Differential amplifier with emit- 
ter resistor bias, also known as the 
long-tailed pair. (b) Improved differen- 
tial amplifier with current source bias. 


b.jt. differential amplifier (sometimes 
called the long-tailed pair). Circuits of this 
type are used in input stages of op.amps. 

The emitter resistor Rg sets the bias cur- 
rent in transistors TR] and TR2 and Rg is 
chosen so that the no-signal output voltage 
is.around half +Vo¢e . The long-tailed pair 
is a differential amplifier so we want the 
output to depend on the difference in vol- 
age between the inputs. Any response in 
the output caused by equal changes at the 
two inputs (called common-mode input) 
is unwanted. 

The ability of the circuit io amplify input 
differences while rejecting common-mode 
inputs is called the common-mode rejec- 
tion ratio (CMRR). You will see CMRR 
figures quoted in op.amp data sheets. 

It turns out that the larger Rg actually is, 
then the better the CMRR of the long- 
tailed pair. In fact, the name “long-tailed 
pair" comes from the need for a large Ag. 
. There is a problem though — if we make 
Rg very large then the bias current must be 
wery small (giving poor transistor períor- 
mance) or the supply voltages must be 
very large (giving excess power dissipa- 
tion). So it looks like we can enjoy ejtber 
the correct biasing or a good CMRR, but 
not both! 

The current source comes io the rescue. 
‘Tf we replace Rg with a current source, we 
‘can then choose whatever bias current we 
want and get a very high effective value 
for Re due to the current source's large 
internal resistance (Fig.5b). 


More to Gain 


_A similar trick can be used to increase 
the voltage gain of transistor amplifiers. 
The current gain of the transistor is con- 
verted to a voltage gain by passing the col- 
lector Current through a load resistance (in 
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Fig.6. Common emitter amplifier with 
current source active load. 


J 


Fig.7. Constant curen Led controlled 
by aj.fe.t. 


ihe simplest case a resistor from the col- 
lector to the supply is used). The larger this 
resistor then the larger the voltage varia- 
tion at the collector for a given change in 
collector current. 

We hit the same problem again — we 
need a large resistance but that means bias 
currents that are too low. or excessive sup- 
ply voltages. Again the current source 
solves the problem. Fig. 6 shows a basic 
implementation of what is known as an 
active load. A current source is used in 
place of the standard collector resistor Io 
give a higher voltage gain. 


Sloping Off 

1f you look at the schematic of op.amps 
or similar devices, you will see many cur- 
rent sources either as symbols (as in Fig. 
5b) or drawn fully (as in Fig. 6). but the 
internal circuitry of op.amps is not the only 
place where currént sources are used. One 
such example is the constant current Led. 
which can be connected to a range of volt- 
ages without needing a resistor, which is 
especially handy where varying voltages 
are involved. These l.e.d.s contain a f.e.t. 
wired as a constant current source so that 
‘the same current is supplied to the Led as 
long as the applied voltage is within the 
range specified for the device (see Fig.7). 

Another use for a current source is in 
obtaining a linear ramping voltage, e.g. a 
‘sawtooth waveform. If a capacitor ts 
icharged/discharged through à resistor then 
à familiar exponential curve is produced. If 
we charge/discharge it using @ current 
source instead, then the change in voltage 
is linear. 

This can be used to generate a. ramp- 
shaped waveform. which itself has several 
applications: the time taken for a ramp to 
reach a given voltage is directly propor- 
tional to that voltage. If we use a digital 
counter to measure the time taken for a 
current source to charge/discharge a capac- 
itor to a given level we have the basis of 
‘Single slope and dual slope analogue-to- 
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digital converters (ADCs), digital volt- 
meters, eic. 

Current sources are employed in other 
forms of data converter too, a well known 
type being the current switching DAC in 
which binary weighted current.source out- 
puts are switched onto a single line under 
the control of the digital input. The total 
current is then proportional to the binary 
input value. 

This concludes our discussion on current 
sources. We have spent some time on the 
subject because it is an imponant topic 
which is not covered very oñen. If you 
have any novel circuits based on current 
Sources or current mirrors why not send 
them to /ngenuity Unlimited? IMB. 


Shiny Solder Joints 

Thank you very much for publishing 
such an interesting. booklet The Basic 
Soldering Guide. Soldering is a very 
important and sometimes difficult prace- 
dure to masier. 

My concern is how | can protect a p.c.b. 
after soldering the work. | do not know 
‘how to protect solder and p.c.b.s from 
oxidation. What is the best and easy way 
fo do this? Sincerely, Tom Banasikowski 
(by E-mail). 


Thanks for your comments on the 
Basic Soldering Guide booklet, which 
‘we gave Free with the April ‘99 issue. To 
protect circuit boards. all vou need is an 
aeroso] spray-on protective varnish 
(lacquer) after soldering the board. This 
cellulose based or acrylic lacquer pro- 
tects copper tracks and solder joints from 
the effects of condensation, oxidation 
and moisture, as well as helping to insu- 
late it. 

The lacquer can. also be “soldered 
through” after it has been sprayed on, and 
it is useful as a finishing touch for any 
stnpboard project: it's a must if the project 
is destined for outdoor use (e.g. burglar 
alarm devices). The aerosol is pungent and 
must be used in a well-ventilated area. 

Examples of products include 
RS/Electromail 569-290 or RS CPL200D. 
An excellent range of aerosol service aids 
is manufactured by Electrolube Ltd. and is 
sald by RS. Farell. Maplin and others. 
You could try http://rswww.com or 
wWww.farnell,com. Unfortunately the 
Maplin (www.maplin.co.uk) on-line 
ordering service Was suspended at the time 
of writing. 

Servisol is another brand, sold by ESR 
in a 110ml can; ] strongly recommend that 
anyone involved with p.c.b. production at 
home/college should ask for their cata- 
logue and check the very interesting range 
of p.c.b. materials sold by this firm. 
Components’ details are listed in the next 
query. 

Fm not sure where you Jive, Tom; so 
shipping restrictions may apply because 
aerosols cannot be airfreighted, ARW. 


Seno Etch-in-a-Bag 

In your Feb'99 Circuit Surgery you men- 
tioned the Seno GS etching system. | used 
it about 15 years ago with good results. 

Now, having time to tinker again with 
electronics, I’m trying to find this product 
once again but five hours of surfing the 
web produced no results: Could you tell 
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me where | can buy it from? Thanks from 
Thomas Ernst, Switzerland. 


No problem — the Seno "Etch-in-a-Bag* 
system is listed by the ever helpful mail 
order supplier ESR Electronic 
Components Lid. (Tel. 0191 251 4363: 
you can Fax 019] 252 2296; or web 
http://www.esr.co.uk). ESR have an 
excellent range of printed circuit board 
fabrication materials and their catalogue is 
a“must have" (free for an A4 50p SAE). 

Regular readers know how I rave about 
-the excellent Seno system, which is the 
nearest and safest way to etch circuit 
boards with terric chloride at home or in 
school. It is a sealed system which almosi 
completely eliminates contact with thé 
etching fluid (provided, of course, you use 
it correctly!) i 

Each kit will produce at least 12 
“Eurocard” boards which are 100mm*x 
160mm. Tip: warm the bag with a hairdry- 
er 1o speed etching. 

Best of all, the kit includes an EPS stor- 
‘age box and a neutraliser powder whicH 
enables the spent etchant to be thrown 
away in domestic waste with a clear con- 
science. (Any chemists out there care to 
speculate what it is?) The current list price 
at ESR is £9.39 VAT and postage; there is 
no minimum order charge. ARW. 


Power pack follow-up ` 

Help! You gave excellent assistance 
with my questions about a 5A variable 
‘PSUs based on LM338Ks in the March ‘99 
issue. 1 then built two such 0-30V 0-5A 
PSUs and was pleased as Punch. 

When testing, | used an autobulb rated 
at 12V 5W as a load wbich immediately 
glowed brightly. | then tried a 12V 21W 
bulb. The voltage dropped to NIL. then 
gradually rose to 12V along with a grad- 
ual similar increase of the bulb's glow 
from NIL to full brilliance. taking three.or 
four seconds. 

l then tried a 60150W headlamp bulb but 
in this case the only result was the volt- 
meter dropping to NIL with no attempt to 
rise and no illumination whatever. Can 
you suggest where | have gone wrong? I'm 
learning all the time! Thanks from G. 
Wilsher. 


| don't think you've done anything 
wrong! You demonstrated that the circuit 
works when you used low power 12V 
bulbs as a load. 

A tungsten filament bulb has least resis- 
tance when it is cold, so it draws the most 
current at power-up (which is why many 
bulbs blow at switch-ón). There will be a 
very large initial current drawn hy a pow- 
erful halogen headlight bulb, which when 
cold “looks” almost like a short circuit to 
the regulator. 

Hence, the regulator voltage drops to 
virtually nil and the device will current 
limit. The bulb may or may not gradually 
start to glow and the voltage rise. I 
wouldn't be surprised if a headlight bulb 
fails to illuminate — it’s drawing so much 
current that the regulator's output voliage 
has been shunted. 

The best way of testing would be-to use 
a set of lower power (SW say) bulbs in 
‘parallel across the power supply instead! 
Altematively try fixed resistors, paying 


the usual attention to power dissipation 
‘values (P=¥2/R watts). Radio enthusiasts 
have similar problems when testing radio 
transmitters, and they use an oil-filled 
dummy load which can handle several 
kilowatts if needed! ARW. 


Electroplating ‘for Fun and 
Profit 


! am trying to find a circuit diagram to 
build an electroplating machine. However. 
this appears not so easy as I first thought. 
The complete machine will gold and silver 
plate as well as clean up old jewellery. 

l am aware that the plating voltage is 
10V and cleaning is 5V. Also, the current 
drawn is 300mA. What I don't know is 
whether this is a.c. or de? Does this 
require smoothing or limiting? D 

RCS, by E-mail. 


Lean do no better than point to the hand- 
book Electroplating by J. Poyner pub- 
lished in the very useful Workshop 
Practice Series (No.11) by Nexus Special 
Interests, ISBN 0-85242-862-6 which may 
help. I chanced upon a copy when I visit- 
ed an engineering supplier a year or two 
ago. 

lis author seems to suggest that a simple 
d:c. power supply is suitable (since depo- 
sitioo cannot take place with an alternating 
supplv). The voltage seems less relevant 
and | understood from elsewhere that a 
constant Current or curreni-limited supply 
may offer better control of deposition and 
nore consistent results. 

| reckon an ordinary voltage regulator 
such as the LM317 would.be adequate. 
‘and a second 317 could be added as a vari- 
able current source, used in constant-limit- 
ing mede. The book also gives details of 
all the various chemicals needed, how to 
prepare-and clean materials, and also cov- 
ers anodising. electroplating in different 
colour finishes and onto different materi- 
als, though quite where you will source 
some of the more hazardous chemicals l'm 
urisure. 

If there are any chemists or model engi- 
neers out there with any practical advice. | 
Swill gladly shareit with readers. ARW. 


CIRCUIT THERAPY 


Circuit Surgery is your column. If you 
have any queries or comments, please 
write to: Alan Winstanley. Circuit Surgery, 
Wimborne Publishing Lid., Allen House, 
East Borough, Wimborne, Dorset, BH21 
IPF. United Kingdom. E-mail 
alan@epemag.demon.co.uk. Please indi- 
cale if your query is not for 
publication. A persana! reply £ 


cannot always be guaranteed ke 
but we will try to publish rep- 
resentative sepr -— e 
answers jn is 

this column. 


ENTER THE CHAT ZONE 
The EPE Chat Zone òn our web site is 
now open as a way for readers to exchange 
information, views, hints and lips in virtually 
real time. 
http://www.epemag.wimborne.co.uk/ 
wwwboard 
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Everyday Practical Electronics are pleased to be able to offer all readers these 


ELECTRONICS CD-ROMS 
ANALOGUE ELECTRONICS | DIGITAL ELECTRONICS 
by Mike Tooley by Mike Tooley 


Analogue Electronics is a complete learning resource for Digital Electronics builds on the knowledge of logic gates 
this most difficult branch of electronics. The CD-ROM covered in Electronic Circuits & Components (below), and 
includes a host of virtual laboratories, animations, takes users through the subject of digital electronics up to 
diagrams, photographs and text as well as a SPICE the operation and architecture of microprocessors. The 
electronic circuit simulator with over 50 pre-designed virtual laboratories allow users to operate many circuits on 


circuits. 
FUNCTIONS 


The component values on all 
circuits can be edited and the user 
can use the simulation engine to 
see how the value of each 
component affects circuit 
performance. You can, for instance, 
alter frequency and phase angle 
and plot outputs on a virtual 
oscilloscope or show load line 
graphs etc. 


COVERAGE 

Sections on the CD-ROM include: 
Fundamentats — Analogue 
Signals (5 sections), Transistors (4 
sections), Waveshaping Circuits (6 
sections); Op.Amps — 17 sections 
covering everything from Symbols 
and Signal Connections to 
Ditferentiators; Ampllfiers — Single 
Stage Amplifiers (8 sections), 
Multi-stage Amplifiers (3 sections); 
Fitters — Passive Filters (10 
sections), Phase Shifting Networks 
(4 sections), Active Filters (6 
sections); Oscillators — 6 seclions 
from Positive Feedback to Crystal 
Oscillators; Systems — 12 sections 
from Audio Pre-Amplifiers to 8-Bit 
ADC ptus a gallery showing 
representative p.c.b. photos. 


6€ Includes SPICE circuit 
Simulator with over 50 
circuits 


9 Unique virtual laboratories 

9 Editable assignments 

€ Design parameters for circuits 
Included 


6 Complete hi-fi amplifier case 
study 


Príces for each of the two CD-ROMs above are: 


TWO 


APPLICATIONS 
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Complimentary output stage. 
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Gallery — Wideband Amplifier 
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FOYE CIES 
Microprocessor 


FUNDAMENTALS 
Fundamentals introdutes thé basics 
of digital electronics including binary 
and hexadecimal numbering 
systems, ASCII, basic logic gates 
and their operation, monostable 
action and circuits, and bistables — 
including JK and D-type flip-flops. 


COMBINATIONAL 
LOGIC 


‘Multiple gate circuits, equivalent logic 


functions and speciatised logic 
functions such as majority 
vote, parity checker, scrambler, 
half and full adders. Includes 
fully interactive virtual 
laboratories for all 

circuits. 


SEQUENTIAL LOGIG 
Introduces sequential logic 
including clocks and clock circuitry, 
counters, binary coded decimal 
and shiit registers. 


DIGITAL SYSTEMS 
A/D and D/A converters and 
their parameters. traffic light 
controllers, memories and 
microprocessors — architecturé, 
bus systems and their arithmetic 
logic units. 


GALLERY 


A calalogue of commonly used 
IG schematics taken from the 
74xx and 40xx series. Also 
includes photographs of 
common digital integráted 
arcul and circuit technology. 


Hobbyist/Student ....................... E renren E45 inc VAT 
Institutional (Schools/HE/FE/Industry)..............£99 plus VAT 
Institutional 10 user (Network Licence) .......... £199 plus VAT 


ELECTRONIC CIRCUITS & COMPONENTS 
* THE PARTS GALLERY by Mike Tooley 


Electronic Circuits & Components provides an introduction to the principles and application of the mos: common types of 


electronic components and shows how they are used to form complete circuits. The virtual laboratories, worked examp'es and . 
pre-designed circuits allow students to learn, experiment and check their understanding as they proceed through the sections on 
the CD-ROM, Sections on the disk include: Fundamentals: units & multiples, electricity, electric circuits, alternating 

circuits. Passive Components: resistors, capacitors, inductors, transformers. Gag 

Semiconductors: diodes. transistors, op.amps. logic gates. Passive Circuits. Active —  ——— 

Circuits 

The Parts Gallery — many students have a good understanding of electronic theory but 
still have difficulty in recognising the vast number of different types of electronic 
components and symbols. j 

The Farts Gallery helps overcome this problem; it will help students to recognise 
common electronic components and their corresponding symbols in circuil diagrams. 
Selections on the disk inciude: Components ,Components Quiz, Symbols, Symbols 
Quiz, Circult Technology 


Hobbylst/Student............ end oun. Ee EAE NATI £34 inc VAT 
Institutional (SchooIs/HE/FE/Industry) ............... £89 plus VAT 
Institutional 10 user (Network Licence) ........... : «£169 plus VAT 


Virtual laboratory — sinusoids 


Interested in programming PIC microcontrollers? Learn with P\Ctutor by John Becker 


— — Sf Developed from John's EPE series, this highly acclaimed CD-ROM, together with the PICtutor experimenta! 
— and devélopment board, will teach you how to use PIC microcontrollers with special emphasis on the 
PIC16x84 devices. The board will also act as a development test bed and programmer for future projects as 
your programming skills develop. This Interactive presentation uses the specially developed Virtual PIC 
Simulator to show exactly what is happening as you run, or step through, a program. In this way the CD 


provides the easiest and best eyer introduction to the subject. [d 
Nearly 40 Tutorials cover virtually every aspect of PIC programming;in'an-easy to follow logical sequence. 
HARDWARE 


Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PlCtutor 
Development Kit, plus the ability to program and test your own PIC16x84s, really reinforces the lessons 

- learned. The hardware will also be an invaluable development and programming tool for future work once you 
have mastered PIC software writing. f 
Two levels of PICtutor hardware are available — Standard and Deluxe. The Standard unit comes with a battery 
holder, a reduced number of switches and no displays. This version will allow users to complete 25 oi the 39 
Tutorials. 
The Deluxe Development Kit is supplied with a plug-top power supply (the Export Version has a battery 
holder), all switches for both PIC ports plus Led. and 4-digit 7-segment Led displays. It allows users to 
program and control all functions and both ports of the PIC and to follow the 39 Tutorials on thé CD-ROM. 
All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable 
microcontroller. 


PiCtutor CD-ROM 

Hobbyist/Student............... ner EE NR £45 inc. VAT 
‘Institutional (Schools/HE/FE Industry) ................... ,.5£99 plus VAT 
Institutional 10 user (Network Llcence).................... £199 plus VAT 
HARDWARE | 
Standard PiCtutor Development Kit ............................ £47 inc. VAT 
Deluxe PlCtutor Development Kit ........................- £99 plus VAT 
Deluxe Export Version................... sese Uc utri £96 plus VAT 

Deluxe PiCtutor Hardware (UK and EU customers add VAT at 17.5% to "plus VAT" prices) 


designing your circuit 
simply select your modules bom the vids choice avaiable, } 
taad how they work and join them up to make your circuit 


MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton 


Developed from Max Horsey's Teach-In series A Guide to Modular Circuit Design (EPE Nov 
“95 to Aug ^96). This highly acclaimed series presented a range of tried and tested analogue 
and digital circuit modules, together with the knowledge to use and interface them. Thus 

allowing anyone vith a basic understanding of circuit symbols to design and build their own i f 
projects. " i ; s 
Essential information for anyone undertaking GCSE or "A" level electronics or technology and | 1 H 


[| 
| 
for hobbyists who want to get to grips with project design. Over seventy dijierent Input, | 
Processor and Output modules are illustrated and fully described, together with detailed z cs 
information on construction, fault finding and components, including circuit- symbols, pinouts, at i processor j uput 
power supplies, decoupling etc. t gd 1 
Single User Version £19.95 inc. VAT 7 found that 1 could design 2 circuit without my teacher's help. 
Multiple User Version £34 plus VAT d acte dd ich = Pe each ater aca | 


A Web Browder is required for Modular Circuit Design — one is provided on the EPE CD-ROM No. 1 kee below) but most modern computers are supplied with one. 


Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM, 
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for P/Ctutor or Modular Circuit Design). 


ORDERING 


| eD-ROMORDERFORM 1 
AEU PRICES INCLUDE. UK 
POSTAGE 


-Please send me: 1 
Electronic Circuits & Components «The Parts Gallery ET Hobbyist/Student 
Analogue Electronics ‘CD Institutional 
Digital Electronics O Institutional 10 user 
PiCtutor 


countries in the vorid 
EUirésidents outside the UK add £5 fof 
airmail postage per order 
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i Please supply name and address of cardholder if different to the delivery address. 
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Demos (not Modular Circuit Design) available on the EPE CD-ROM No. 1 (Free with the November '98 issue) — send £2 for this CD-ROM ii you require the demos. 
For Modular Circuit Design demo send £6.95 for cut down version (£5 refunded if you buy full version). Minimum order for credit card payment is £5. 
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Simulation Circuit Capture 
PCB Autorouting < CADCAM 


Imagine an electronics design system that lets you draw 
Schematics onto the screen and then simulate them at the 
touch of a button. Now imagine pressing another button 
and seeing the schematic replaced with a PCB rats-nest. 
Pressing another button starts the autorouter, and finally 
you can click on File then Save As to create a complete 
set of CADCAM files. 


QUICKROUTE 


"Too easy? We hope so. Quickroute has always been. 
designed first and foremost to be easy to use. Thats why 
simulation, circuit capture, PCB autorouting and 
CADCAM support are all integrated into one package, 
So that you only have to learn one package. 


But it doesn't end there. We have included a wide range 
of features in Quickroute to help you work effectively. 
For example our Gerber import facility lets you check 
your CADCAM files before sending thém to your 
manufacturer. 


We have also introduced a major new PLUGIN niodule 
called the SymbolWizard that actually creates custom 
symbol designs for you. Simply select a template, specify 
pad and spacing properties and SymbolWizard creates 
the schematic and PCB symbols for you! 


If you would like to find out more about Quickroure, 
why not call us on FREEphone 0800 731 28 24, or visit 
our web site on www.quickroute.co.uk. Prices start at 
under £100 including UK P&P and VAT for a complete 
System. 


"modern, powerful 


: zo 2 | 
and easy to use 
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FREEphone CAD: 
0800 731 28 24 (Sy 
Int +44 161 476 0202 Fax 0161 476 0505 


Web www.quickroule.co.uk TEP 


30.DAY MONEY BACK GUARANTEE array 


Copyright (c) 1998 Quickroute Systems Lr Regen! House Heaton Lane Stockpon-SK$ 1BS UK 


Special Review : 


EDISON 3 
REVIEW 


ROBERT PENFOLD === 


Robert puts some Circuit simulation and analysis > 
software through Its paces. 


known program in the UK, but it is a 

piece of software that is likely to 
produce a great deal of interest amongst 
those who teach electronics. It is for PCs 
only, and requires a minimum of a 80486 
‘CPU, 8Mb of RAM, IO0Mb of hard disk 
space, VGA graphics. and Windows 95 or 
higher. The recommended minimum sys- 
tem includes a Pentium class processor, a 
16-bit graphics card. and a SoundBlaster or 
compatible sound card. 

The software is supplied on a CDR disc, 
and a CD-ROM drive is therefore required 
as well. lt is a definite plus point that 
Edison 3 will work quite well on older PCs, 
but a Pentium PC with a good graphics 
system is needed in order to get the most 
from it. 

installations reasonably straightforward 
and follows along normal Windows lines. 
There is a separate booklet that covers 
installation. and registration, and replaces 
the initial section of the main manual. The 
program originally used a hardware “don- 
gle" fitted to a printer port, bul this has now 
been abandoned in favour of a "key" 
number that is obtained by registering the 
‘software, 

Without the “key” number the program 
will operate for 15 sessions, which should 
give sufficient time to register and obtain a 


E 3 is a relatively new and little 


Fig.1. Edison 3 operates using a split screen with the bread- 
board on the left and the schematic analyser on the right. 
Components are dragged onto the breadboard and wired up, 
automatically producing the circuit diagram in the process. 


reply. This all seems like an unnecessary 
complication, but it is much better. than 
dealing with troublesome “dongles”. 


SPLIT PERSONALITY 


So just what does Edison 3 actually do? 
Iris a form of circuit simulator, but one that 
is tailored to suii the teaching of electron- 
ics. lt has obvious similarities to the popu- 
lar Crocodile Clips program that was 
reviewed in a previous issue of EPE. and 
circuits can be built up and tested on what 
is best described as a virtual breadboard. — 

The virtual Le.d.s light up and switch off 
in the appropriate fashion when a circuit is 
tested, and the virtual loudspeaker will 
éven produce the appropriate sounds via 
the PCs sound system. Resistors are given 
the correct colour code automaiically, or 
they can be labelled with their values if pre- 
ferred. Overloaded components go up in 
smoke and have to be repaired. 

The 3D graphics are quite good, 
although J found it a bit difficult to identify 
some of the components when first using 
the system. Sound effects are available if 
required. 

When the program is run it operates with 
a split screen having the virtual breadboard 
on the left and a schematic editor on the 
right (Fig.1). Both Windows are resizable, 
and either can therefore fill the screenzif 


Everyday Practical Electronics/ET], June 1999 


required! Circuits are built up on the bread- 
‘board, and the corresponding circuit dià- 
‘gram is -produced automatically in the 
schematic editor. 

The breadboard window has two 
"Shelves" of components in the top left 
‘hand and bottom right hand comers. and 
clicking the mouse on the background of 
either cycles the program through a number 
of additional "shelves". The components 
are simply dragged onto the breadboard 
‘area and then wired together with trails of 
‘Virtual wire using the mouse. 

It is easy to delete wires and compo- 
nents, and components can be dragged 1o 
mew positions if desired. However, any 
wires attached to components are automat: 
ically deleted if the components are moved: 
so it is advisable to get the components 
arranged neatly before adding any wiring. 
ris also advisable to look at the schematic 
‘editor while placing components. to make 
sure that a reasonably neat layout is. pro- 
duced in both windows. 


COMPONENT RANGE 
The range of components available is 
quite limited, but it includes all the basic 
components such as resistors. capacitors, 
and a pushbutton switch. There is a small 
but useful range of semiconductors avail- 
able. including various types of transistor, a 
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Fig.2. The graphs on the virtual test instruments are quite 
small, but they can be shown ina resizable window. This win- 
dow permits some basic editing of the graphs, and also pro- 
vides printing and export facilities. 
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355 timer? 741C operational amplifier, and 
some simple flip/flops. This section of the 
program is not usable as a general-purpose 
circuit simulator because the range of avail- 
able components is too limited, but it 
should be possible to test a wide range of 
simple beginners’ projects. 

Some of the components provided are 
‘actually test instruments. such as power sup- 
plies, various types of meter, a signal gener- 
ator, an oscilloscope, and a signal analyser. 
The laner is used to produce such things as. 
Phase and frequency response charts. 


SAF s inris ied ot 
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Colpitts Oscillator 


| TO wer te odzut waveforms run ranen 
from the Analysis mewu ff you wsrtio dispar fh 


IN CONTROL 
Cireait analysis is controlled via a third 


window, appropriately called the Control 
Panel. This offers three modes which are 


‘selected via on-screen buttons. The default 


mode is a.c./d.c.. which works with either 
fixed d.c. levels or sinusoidal a.c. signals. 
Motors, Le.d.s, etc. respond to the average 
signal voltagc. 

The next option is the single transient 
mode. Operating the start/stop button in the 
contro! panel or any switch on the bread- 
board triggers this 

—| mode. The simulation 
£— — 3| then stans and con- 
—————-| tinues for a time set 

d via the control panel. 

| This time can be var- 
ied from lys to 10s 
which is adequate for 
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Fig.3 (above). The stand- 
alone schematic analyser 
loses the virtual breadboard 
front-end and the separate 
control panel, but gains more 
conventional component tool- 
bars. The tabs give access to 
ten sets of components, and 
these provide a much wider 


Integrating the virtual breadboard with a 
‘schematic editor should make it much 
easier for students to learn the basics of 
circuit diagrams. 

The program has some useful exis. 
Such as the ability to add notes to circuits. 
‘and in some cases it can show the formulae 
used to produce test results. A useful range 
of example circuits tre included with the 
software, and thesé cover topics such as 
Ohms law. simple filters. voltage dividers, 
and simple logic circuits. Some additional 
source material may be required, but the 
package includes sufficient to get you 
started and well under way. 


ADDED BONUS 


A program such as Edison 3 provides an 
excellenr nieans of learning about electron- 
ics, but it can only teach you the funda- 
mentals. The relatively small number of 
components that are catered for and the 
limitations of the breadboard mean that 
many users Will soon outgrow the system. 

Edison 3 provides a solution to this prob- 
lem in the form of an additional program 
that.is a more conventional circuit 
simulator. This is effectively the 
| Edison 3 Schematic Editor, but 

circuits are drawn up by adding 
circuit svmbols directly onto the 
drawing area, and a much greater 
range of components is available. 
Using this program it is possible 
1o simulate a wider range of cir- 
cuits. and much more complex 
circuits are easily accommodated, 


EE 3 
choice than is possible using | = | 
the virtual breadboard. This  .. i Ns. 
screen also shows how notes {sa ee == \ 
can be added to circuits. Meme sa Mi Seem : —— S ` = 
Fig.4 (above right). Right clicking on a comporiént.and then ue 
Nx 


Selecting "Properties" brings up a dialogue box (bottom right) 
that enables the value and characteristics of a component to Ki — 


be altered. The virtual test instruments, like the signal analyser €^ N 

shown, are available in the stand-alone schematic editor. H A 

Fig.5 (right). All the analysing facilities remain available in the i , Le Zeg 

schematic editor. These graphs show the phase and frequen- A T Trg a MAU dam ree ri RS 
cy responses of an ill-concelved lowpass filter. The sensible — — — mi. Teens TT 

Scaling makes the graphs easy to interpret. ze] CES") -r p — Pus 


With the aid of the test instruments it is 
possible to show how well (or otherwise) 
the test circuits perform, in addition to 
undertaking fault-finding checks. You can 
lest components, measure voltages, etc., so 
that the virtual fault can be traced in much 
the same way as when testing the real 
thing. 

The test results produced on the screens 
of the signal analyser and oscilloscope are 
difficult to see due to their small size, espe- 
cially when using a high-resolution screen. 
It is an easy matter to display resulis in a 
separate window though (Fig.2). and this 
shows them very clearly with sensible 
labelling. There is no unnecessary use of 
scientific notation or labelling at odd inter- 
vais such as every 21-35Hz! The charts can 
be printed via the system printer and they 
can also be exported as Windows metafiles 
or bitmaps. 
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Where appropriate, the simulations are 
slowed down to a rate that enables the 
action to be observed properly, and each 
tun normally takes a second or two. This 
mode is useful for capturing events such as 
a capacitor charging via a resistor, or an 
oscillator starting up. The third mode i$ a 
repetitive version of the transient mode, 
where the program effectively re-triggers 
itself at the end of each run. It carries on 
from where it left. off rather than starting 
each simulation "from scratch", giving a 
form of continuous simulation, 


QUICK AND EASY 


Using Edison 3 is generally quite simple 
and straightforward, which is clearly essen- 
tial for a piece of software that is intended 
for beginners. Building and testing circuits 


'using this software is quick and easy, and it 


gives newcomers a flavour of the real.thing. 


The schematic editor is a fairiy conven- 
tional Windows style program having the 
usual menu bar, tool bars, scrollbars, etc. 
Below the main toolbar there is a selection 
of circuit symbols, and below this there are 
tabs that are used to select the required type 
of component (basics, gates, etc.). These 
replace the "shelves" of the Edison 3 pro- 
gram. and provide access to a wider range 
of components. The range is still much 
smaller than that available with up-market 
simulators, but it is sufficient to produce-a 
huge variety of circuits. 

There are 18 sample circuits available 
and it is worth experimenting with these to 
familiarise yourself with the program 
(Fig.3), but it is very easy to draw up your 
own designs. This is just a matter of drag- 
ging components into the drawing area, 
positioning them, making any necessary 
value changes (Fig.4). and wiring them up. 
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Fig.6. Two traces can be included in a single graph if desired, 
with a different colour being used for each one. This example 
shows two output waveforms from a Colpitts oscillator. The 
graph editing, export, and printing facilities are the same as 


those of the main program. 


The schematic editor has the usual edit- 
ing facilities and it is not difficult to pro- 
duce neat diagrams that can be printed out 
if required. Some schematic editors are a 
trifle cumbersome in use, but this one 
seems to be very straightforward. Circuits 
are restricted to a single page, but it should 
still be possible to handle some quite com- 
plex designs. No node limit is specified for 
the analyser, but on test it handled some 
multi-pole filters without problems. 

The analyser can be controlled by way of 
conventional menus and dialogue boxes. or 
the toolbar includes an equivalent of thc 
contro] panel in the main program. The 
schematic editor has the same test insiru- 
ments as the main program, and these can 
be used to produce some neat graphics. 

Where two traces are produced they can 
be shown separately (Fig.5) or together 
(Fig.6). The graphics can be saved, expor- 
ed, and printed out, and this is a strong 
aspect of both programs. 


DIGITAL MODE 

There is a digital mode so that you can 
see the logic states change at each pin of 
digital devices, see the numbers produced 
on seven-segment displays, and this type of 
thing. Free-running and step-by-step 
modes are ávailable. The logic levels at test 
points can be monitored and shown on a 
logic analyser style display (Fig-7). 

In order to fully utilize the circuit 
analyser il is necessary to resort to control 
via the menu, but a lot of useful tests can be 
carried out using the more simple facilities 
available from the toolbar. The analyser 
does noi rival high-end circuit analyser 


programs as it only provides basic phase, 
frequency response, and voltage testing. 
There is no distortion analysis for example. 
On the other hand, it does have analogue 
and digital circuit analysis, plus sonié 
mixed mode capability. 

The A5 size manual only has about 40 
pages, but it covers the basics of using the 
software quite well. Even though the pro- 
gram has quite a wide range of facilities it 
is so easy to use that an outsize manual is 
not really necessary. Running through the 
example circuits following the notes in the 
manual should soon familiarise new users 
with the program. The printed manual is 
backed up by the usual on-line Windows 
help system. 


TEST RESULTS 

Edison 3 provides a tun introduction to 
electronics via the breadboard front-end, 
and it is about as easy to use as a program 
of this type could be. A wide range of cir- 
cuits can be handled including simple logic 
types. It is capable of producing some 
excellent graphs. which can be printed out 
or exported to DTP programs, etc. if 
required. 

Edison 3 is in direct competition with an 
established program in the form of 
Crocodile Clips. and it is at a somewhat 
higher price. This strategy would normally 
be doomed to failure, but Edison 3 has 
advantages over Crocodile Clips. Not the 
least of these is the ability to abandon the 
breadboard front-end and use the schemat- 
ic editor on its own. 

Using a virtual approach to producing 
circuits has obvious appeal to new users, 


ea 


Fig.7. Edison 3 has some digital analysis and mixed mode 
capability. Here the graphics window effectively acts as a 
simple logic analyser and shows the output waveforms from 
four test points in a half adder circuit, 


and can make the system much more inter- 
esting to use as well as making things easi- 
er for beginners. The drawback is that it is 
not practical to produce anything more than 
some quite simple circuits. Using the siand- 
alone version of the schematic editor 
removes this limitation, and should ensure 
that it takes much longer for users to oui- 
grow the system. 

Edison 3 is compatible with the more 
advanced TINA circuit analysis prograrn. 
which provides an upgrade path if one 
Should be needed. (We hope to review TINA 
soon — Ed.) 

This program is clearly aimed at educa- 
tion establishments where electronics is 
taught, and it is just about ideal for this 
role. Ii is not particularly expensive by edu- 
cational software standards, and when one 
considers the range of facilities it provides 
Edison 3 certainly represents superb value 
for money. lt wil! also be of interest to 
home users wishing to learn the fundamen- 
tals ot electronics. 

ONGOING 

Having used the virtual breadboard to 
leam about electronics there is no need to 
discard the program. It can still be used as a 
conventional circuit simulator when design- 
ing projects or modifying existing designs. 
If only this type of thing had been-available 
when I started learning about electronics! 

Edison 3 costs £99.88 including VAT and 
postage and is available from Quickroute 
Systems Lid,. Regent House, Heaton Lane, 
Stockport, SK4 IBS (Tel: 01614 760202, 
Fax: 01614 760505. 

E-mail: info//www.quickroute.co.uk). O 
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Understanding Computers — 


PhizzyB COMPUTERS 


Part 8: Exit Stage Left (randomly) 


Clive “Max” Maxfield and Alvin Brown 


Ge Grief! " Time flies if you're having fun,” as they say, so 
we must have been having a ball, because here we are at the 
closing tutorial of the PhizzyB series. It’s hard to believe that eight 
months have gone by since we commenced this suite of articles 
(Ah. we were all so much younger then!) Where did the time go? 

Our own personal theory is that. by some as-yet unexplained. 


mechanism, everyone on the planet is presented with 24 hours- 

worth of "time particles" to "spend" each day, but that some cal- 

lous swine is stealing at least half of ours! (This is why we are so 

suspicious of those individuals who seem to be able to make the 

time to get everything done ... coincidence? ... we think not!) 
But, back to the job in hand. . . . 


Te is a saying that exhorts us all to 
"Perform random acts of kindness and 
senseless acts of beauty”. Sad to relate, this 
has little to do with what we're poised to 
talk about here (but it's certainly a nice 
thought, so that’s alright). Actually, there is 
a connection between this saying and our 
PhizzyBot (but it's somewhat tenuous, so 
you'll have to pay close attention). In reali- 
ty. the world would be a very boring place if 
everything were totally predictable — it's 
the unexpected that gives life its zest and 
flavour. 


RANDOMLY 
PREDICTABLE 


Unfortunately, the existing incamation of 
our PhizzyBot falls into the highly pre- 
dictable category. This is because the con- 
tro] programs we've described thus far are 
restricted by their very nature. For example. 
consider the collision detection routines 
from Part 6. The way in which these rou- 
lines were written means that when the 
PhizzyBot bumps into something, thereby 
wigsering one of its microswitches, it will 
always perform the same predetermined 
series of actions that we associated With that 
switch. 

Much the same is true for the control rou- 
tines we designed for the optical sensors in 
Part 7. In this case, shining a light on the 
PhizzyBot will simply cause it to approach 
or retreat (depending on whether you opted 
for a "MothBot" or “RoachBot™ software 
implementation). 

Ultimately. it would be more interesting 
if the PhizzyBot's control routines con- 
iained some element of randomness, such 
that you were never quite sure what it was 
going to do next. "But how can we imple- 
ment this?", you cry. Well. if you'll just sit 
down and stop interrupting with all of these 
questions, we'll tel! you . . . 


STANDARD SHIFT 
REGISTERS 


Before we leap into the fray, it will be 
advantageous to remind ourselves as to 
what a standard shift register is and what it 


does. Consider a standard 8-bit shift register 


of the serial-in serial-out (SISO) persua- 
sion, which is formed by creating a “chain” 
of register elements (say D-type flip-flops) 
— see Fig. 1. 

Note that the usual convention in 
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schemiatics is for signals to “flow” from left 
to right. However, we've illustrated the 
example in Fig.1 with the signals flowing 
from right to left, because this will make 
our subsequent discussions much easier 
(trust us... !). ; 

Each of the register elements is driven by 
a common clock. Thus. when an active 
clock edge occurs, the contents of the data- 
in input will be loaded into register bit 0. At 
the same time. the original contents of reg- 
ister bit O will be loaded into bit 1, the orig- 
inal contents of bit | will be loaded into bit 
2, and so forth down the register chain. 

The reason this works is due to the inter- 
nal delavs of the register elements. That is, 
when a register starts to load its new con- 
tents, its original contents remain on the 
output for a short time while the new con- 
tents wend their way through the gates 
forming the register. The clever bit is that 
the original contents of each register persist 
long enough to be loaded into the néxt stage 
before they are overwritten by the new 
contents. 

For example. let’s assume that ail. of the 
register bits initially contain Os, except for 


data-oul 


bit O which contains a 1. Further assume 
that the data-in input is presented with a 0 
value. Keeping these assumptions in mind. 
applying a series of clock pulses to the shift 
would result in the following sequence: 


Bit7 Bird 

n i 
Tnit 0000000. 
Clk 1 00000010 
Clk 2 00000100 
Clk 3 00001000 
Cik A 00010000 
etc eic 

PSEUDO-RANDOM 


Many computer applications rely on 
some element of randomness. These appli- 
cations include games. graphics programs, 
and real-world simulations. Although it's 
possible to create generators that output 
truly random numbers, it is often beneficial 
to have the ability to repeat a sequence. 
Thus, we very often make use of number 
generators that are not truly random, but 
instead give the appearance of being ran- 
dom. and which are therefore called 


(b) Gne-to-Many Impiementation 


Fig.2. Two implementations of an 9-bit LFSR. 


Everyday Practical Electronics|ETI, Jine 1999 


l 
Listing 1 Listing 2 
OUTA: .EQU $F030 # Address of o/p port 
OUTB: -EQU $F031 # Address of o/p port OUTA: .EQU $F030 # Address of o/p port 
SEED: .EQU $80 # Seed (initial) value OUTB: .EQU $F03Í # Address of o/p port 
MASK: .EQU $1D # Mask value SEED: .EQU $80 4 Seed (initial) value 
j MASK: .EQU $1D f Mask value 
ORG $4000 3 Set program origin bu 
ORG $4000 # Set program origin 
LDA SEED # Load ACC with seed BLDSP $4FFF # Load stack pointér 
LOOP: STA [OUTA) 8 Store to o/p port BLOIV SHOW 8 Load interrupt vector 
STA [OUTB] 8 Store to o/p port SETIM # Set interrupt mask 
SHL 8 Shift.ACC 1 bit left ii 
ONC [LOOP] # Jump if carry = 0 LDA SEED # Load ACC with seed 
XOR MASK # else XOR with mask LOOR: -SHL # Shift left 
JMP [LOOP] # then jump JNC [LOOP) # Jump if carry = 0 
XOR MASK # else XOR with mask 
JMP [LOOP] # then jump 
D 
[ SHOW: STA  [OUTA) # Store to o/p port 
“pseudo-random number generators". One SHIFT STA [OUTB] # Store to o/p port 
such generator is the linear feedback shift AND XOR RTI # Return from intérrupt 
Tegister. : - .END i 
j ; Lets assume 
LINEAR FEEDBACK (hat we are using 
the PhizzyB's x 
SHIFT REGISTERS accumulator to represent Gur LFSR, in Meanwhilė, the | in the LS bit of the mask 


The Ouroboros is an ancient symbol of a 
serpent or dragon devouring its own tail and 
thereby forming a circle. This symbol has 
been employed by a variety of cultures to 
depict eternity, or renewal. The equivalent 
in the world of the digital designer is the 
linear feedback shift register (LFSR). in 
which a number of outputs (called "taps") 
from a standard shift register are manipulat- 
ed and fed back to form the input. For the 
purposes of these discussions we'll consider 
an 8-bit LFSR. Two alternative ways of 


constructing such a beast are shown in. 


Fig.2. 

The point about XOR-based LFSRs 
(XNOR flavours are also possible) is that, 
so long 48 we select the correct tap points, 
they will pseudo-randomly cycle through 
every possible conibination (except all the 
bits being zero) before returning to the 
Starting point. That is, an a-bit LFSR will 
‘cycle through (22-1) patterns. Thus. the 8- 
'bit LFSRs shown in Fig.2 will each cycle 
through (23-1) = (256-1) = 255 different 
,pauerns. 

Both the “many-to-one” and "one-to- 
many” styles can be implemented in hard- 
ware or software. Each style has is 
aüvantages and disadvantages (and each 
will follow a different sequence). For our 
purposes. we wil! concentrate on the one- 
to-many version shown in Fig.2b, because 
this style is easier to implement in software. 

So how random is our LFSR? Well, just 
for the sake oi discussion, let's assume that 
our register contains an initial (seed) value 
of 10000000 (that is, only bit 7 contains a 
1). In this case, applying a series of clocks 
to the register will cause the following 
sequence (the values shown in parenthesis 
are the decimal equivalents): 


Bit? Bii 

Init 10000000 (128) 
clk 1 00011101 (29) 
CIk 2 00111010 ¢ 58) 
Clik 3 01110100 (116) 
Clk 4 11101000 (232) 
Cik 5 11001101 (205) 
Cik 6 10000111 (135) 
Clk 7 00010011 ( 19) 
etc etc 


which case there are two main techniques 
we can use to implement the algorithm 
from Fig.2b. The first approach would be to 
use an "XOR and shift" algorithm, in which 
we loop around performing an XOR fol- 
lowed by shift. However, this technique 
uses more insiructions than we really like 
and ends up being aesthetically unpleasing. 

An alternative approach is to form a loop 
that first performs the shift, and then per- 
forms the XOR. To illustrate this. consider 
the program in Listing 1. 

Note that we're using two output ports. 
The label OUTA is assigned to the 8-bit 
Led bargraph display at address SF030, 
while OUTB is assigned to the external 
output port at address $F031. 

We commence the program by loading 
the accumulator with a seed valuc of $80 
(binary 10000000). In fact any seed value 
would be acceptable (other than all zeros). 
The only reason we chose this value was to 
match our previous “paper exercise”. 

Next we enter the main loop, which we 
commenee by writing the current value in 
the accumulator to our two output ports. 
This has nothing whatsoever to do with 
implementing the LFSR algorithm, but 
serves only to lct us see what's happening. 

The real algorithm begins with the SHL 
(shift left) instruction. This shifts the con- 
tents of the accumulator one bit to the left 
and also shifts a O into the LS bit of the 
accumulator. Meanwhile. the original value 
from the MS bit of the accumulator "falls 
off the end" into the carry flag. 

We next use a JNC (jump if net carry) 
instruction to check the state of the carry 
flag. If this bit is a zero, all we have to do is 
to jump back to the beginning of the loop to 
start the next cycle. Alternatively, if the 
carry flag contains a 1, we XOR the accu- 
mulator with a “mask” value of SID (bina- 
fy 00011101). 

This mask value may appear a little con- 
fusing at first, but the way we derived it is 
really quite simple. Remember that we 
started this loop by shifting the contents of 
the accumulator one bit to the left. Thus, the 
group of three is in the middle of the mask 
correspond to our tap points at bits 1, 2, and 
3 (binary 00001110) shifted left by one bit. 


is used to force the LS bit of the accumula- 
tor (our LFSR) toa 1. 

Let's see how this works in practice. Start 
your PhizzyB Simulator, invoke the assem- 
bler, enter the program from Listing l, save 
the file as ggexpl.asm and assemble it to 
generate the corresponding ppexpl.ram 
file. 

Click the "Power" button to power-up the 
simulator, then use the Memnry — Load 
RAM command to load your ggexpL.ram 
machine code file into the simulator's mem- 
ory. Now start clicking the Step button to 
step through your program and note that the 
values on the l.e.d. bargraph display and ihe 
output port device at address $F031 follow 
the same sequence we described earlier. 

You can also download this program to 
your real PhizzyB (if you have one) and run 
it in the real world. In this case you should 
connect the simple 8-bit Led output device 
from Part 2 to the output port at address 
SF031. 

When you've finished experimenting, 
reset the simulator (and the real PhizzyB) 
and proceed to the next section. 


RANDOM NUMBER 
GENERATOR 


Let's extend our previous program to 
make it just a tad more interesting. Consid- 
er the new version shown in Listing 2. 
These modifications aren't anything that we 
haven't seen before. We commence the pro- 
gram with a BLDSP (big load stack point- 
er) instruction, which initializes the stack 
pointer with a value of SIFFF. 

Next we use a BLDIV (big load interrupt. 
vector) instruction to load the interrupt vec- 
tor with the start address of the interrupt 
service routine called SHOW. We follow 
this with a SETIM (set interrupt mask) 
instruction, which tells the PhizzyB to 
respond to an interrupt request when one 
occurs. í 

The main loop is identical to our previ- 
ous program (except that we've removed the 
statements that stored the value in the accu- 
mulator to the autput ports). Thus, when we 
run this program, it's going to start 
endlessly looping around generating the 
LFSR sequence. 
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When we cause an interrupt to occur, 
however, the program will jump to thé 
SHOW internipt service routine and dis- 
play the current LSFR value by writing it to 
the two output ports. The program will then 
return to the main loop and start Jooping 
through the LFSR sequence again. 

Let's see this in action. Use the assem- 
bler's File — New command to create a 
new file called ggexp2.asm. Enter the pro- 
gram shown in Listing 2 and assemble it to 
generate the corresponding ggexp2.ram. 
file. 

Use the Display — CPU registers com- 
mand to activate the simulator's CPU regis- 
ter display and drag it to the right-hand side 
of the main interface. Now load the 
ggexp2.ram file into the simulator's memo- 
ry and set this program running. 

Initially nothing happens at the simula- 
tor's output ports, but from the CPU régister 
display we can see that the program is hap- 
pily cycling through the LFSR sequence. 

Click the simulators IRQ (interrupt 
request) button to see a random number 
appear on the displays. As soon as ihe pro- 
gram has displayed this value, it returns to 
the main loop and continues on its quest. 
Every time you click the IRQ button you 
will be presented with a néw random num- 
ber. Pretty cool. eh? 


RANDOMISING 
PhizzyBOT 


The next step would be to integrate our 
new-found pseudo-random number capabil- 
ity into our earlier PhizzyBot control rou- 
lines. One way to do this would be to 
"tweak" our original timer routines, such 
that every 1/10 of a second we generated 
the next value in the LFSR sequence. 

Then, whenever we wanted the Phizzy- 
Bat to make a decision like "should I tum 
left or right", we could cause our program 
to look at the LS bit of the LFSR value. This 
would be just like flipping a coin (0 — 
heads, | — tails). Alternatively we might 
decide to use the entire 8-bir LFSR as a 
count value, along the lines of “lers go for- 
ward for whatever delay is currently in the 
LFSR register". : 

Sad to relate we don't have the space to 
investigate this any further here, so we'll 
leave any randomizing of the PhizzyBot for 
you to experiment with. 


WE LOVE IT WHEN... 


The program examples above were based 
op generating the next LFSR value algorith- 
mically. but another approach would be to 
use a lookup table. What's a lookup table? 
Well. by some strange quirk of fate, this jusi 
happens to be the focus of the solution to 
the PhizzyB programming competition 
Number 2, which is presented at the end of 
this anicle (we just love it when a plan 
comes together!). 

We should also note that we've really 
only scratched the surface of LFSRs and 
'their applications here. If you're interested, 
you'll find that these little rapscallions are 
introduced in far greater detail in our books 
Bebop to the Boolean Boogie (An Uncon: 
ventionol Guide to Electronics) and 
Designus Maximus Unleashed (Banned in 
Alabama). Bebap is available from the EPE 
Direct Book Service, and both books are 
available from the EPE Online Store at 
wWww.epentag.com. 
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YET MORE PROJECTS! 


Just because this is the final part of the 
PhizzyB series doesn't mean that you can sit 
back on your laurels and relax, because 
there is an unlimited number of additional 
experiments you can perform on your own. 

As an example. you could redesign the 
control routine from Part 7 such that the 
PhizzyBot didn't just execute a “knee-jerk” 
response when presented with a beam from 
a torch (flashlight in America). That is, as 
opposed to making the PhizzyBot race 
towards the light. vou could modify the pro- 
gram io count the number and duration of 
any flashes and then respond appropriately. 

For example, one short flash could mean 
“go forward". two short flashes could direct 
the Bot to "reverse", a short-long-short 
Nash sequence could represent "turn right", 
and so forth. 

Alternatively, you could mount new opti- 
cal sensors underneath the PhizzyBot and 
create a "whire-line following" control rou- 
tine. (Lf your mother or "significant other" 
rebels against your painting white lines on 
the living-room floor, you can always create 
the lines using masking tape. In addition to 
being easily removed, this has the added 
advantage that it picks dust up off the Noor, 
so you can try to present Us as your share 
of the housework.) 


MAGNETIC SENSING 


As a sómewhat related project, you could 


mount Hall-effect (magnetic) sensors under 


the PhizzyBot and write a contro! routine to 
follow wires laid under the carpet. (Once 
again, you may expect some opposition to 
pulling up the living-room carpet, ‘but we 
never said that an inventor's lor was going to 
be an easy one.) 

In fact. a quick perusal of other construc- 
tional projects that have appeared in recent 
issues of EPE and EPE Online reveals that 
almost every issue contains something that 
could be modified to have a PhizzyB appli- 
cation. For example, consider the /5-way 
Infrared Remote Controller project from the 
Oct/Nov '98 issues of EPE. (This article 
appeared in the Nov/Dec '98 issues of EPE 
Online, Ed.) The receiver portion of this 
project could be modified to drive one of 
the PhizzyB's input ports, thereby allowing 
you to control the PhizzyBot from afar. 


Similarly, the Ultrasonic Tape Measure 
project from the Nov “98 issue could be mod- 
ified to drive one of the PhizzyB's input ports. 
This would then allow you to program the 
PhizzyBot to detect obstacles and take appro- 
priate action before it bumped into them! 


RADIO CONTROL 

Another potential project we personálly 
find very exciting is based on the low-cost, 
shor-range Wireless Monitoring data logging 
project from the Feb/Mar '99 issues. By 
equipping the PhizzyBot with these radio- 
linked sensors, it could roam around the room 
transmitting a host of interesting data back to 
your PC. 

What would be really fun would be to start 
mixing and merging the above projects. For 
example. you could get the PhizzyBot to GC" 
low a white line and use a modified version of 
the wireless data-logging project to keep your 
PC informed as to what the Bot was discov- 
ering. As part of this project you could also 
create a program on your PC to display the 
PhizzyBot's path on the screen. Furthermore, 
you could extend the wireless project to be 
bi-directional, such that a program running 
on the PC could transmit new instructions to 
the PhizzyBot. 

On a similar basis, you could combine the 
Phizzy Bot version of the Tape Measure with 
the Wireless data-logger. Then you could 
instruct the. PhizzyBot to roam around the 
room transmitting any information on detect- 
ed objects back to the PC, which could use 


this data to constnict a model of the mom! 


EVER ONWARDS 


And the list goes on, and on, and ... So now 
the ball is in your court. We very much hope 
that you've enjoyed this series, and we look 
forward to hearing from you as to any pro- 
jects you undertake using your PhizzyB. 
Also, we are hoping to sce some PhizzyB- 
related /ngenuity Unlimited circuits appear- 


ing in future issues — perhaps one of them 


will be yours? 

But for now we must away, because ve 
have a number of other cool projects “on the’ 
stove". So until we meet again, it’s “Goodbye 
from me, and goodbye from Him". All the 
best from Max and Alvin - visit us at 
www.epemag.com and E-mail us a 
info@epemag.com 


Everyday Practical Electronics/ETI, June. 1995. 


PhizzyB AND RELATIVES 


NE question we have been asked by 

several readers is to comment an the 
relevance of the PhizzyB to other 
microprocessors. 

In fact, the PhizzyB is extremely rele- 
vant. All that any digital computer can do is 
to perform very simple operations, like per- 
forming a logical operation on two values, 
adding two numbers together, or comparing 
two numbers to see which one is the larger. 
The only reason today's coniputers appear 
to be so powerful is that they can perform 
hundreds of millions of these operations 
every second. 

The PhizzyB was designed to have a sim- 
ple and understandable instruction set. Real 
microprocessors typically have more 
instructions, but the underlying principles 
are exactly the same. 


Similarly. these days mos! people create 


programs using medium and high-level 


programming languages. like BASIC, 
FORTH, C, LISP, and . . . the list goes on. 
However, even today, there are certain tasks 
which are best implemented by program- 
ming at the assembly level. there are assem- 
blers for almost every computer, and good 
assembly level programmers can command 
very respectable salaries. 


WHEN YOU'VE LEARNT 
ONE... 


The advantage of programming in assem- 
bly language is that you gain a very good 
understanding as to how the CPU is per- 
forming its cunning machinations. Once 
again, the PhizzyB's assembly language 
was designed to be simple and understand- 
able. but also representative of its commer- 
cial equivalents. Every assembly language 
is different, but once you've learnt one it's a 
lot easier to learn another. 


As an example of this, the winner of the 
second PhizzyB programming competition 
didn't actually have a PhizzyB Simulator or 
any documentation on the PhizzyB instruc- 
tion sel. 

All Edwin (for that is his name) had to 
guide him were the program examples in 
one issue of EPE. However, Edwin was 
familiar with other assembly languages. and 
the PhizzyB's language was conventional 
enough that he wrote his winning solution 
as'a paper exercise! 


WORLD SERIES 


The: "bottom line" is that al! of the experi- 
ments we've. described for the PhizzyB could 
be easily mapped onto any commercial 
microprocessor, and that everything described 
in this series is highly applicable to the real 
world. 


PhizzyB COMPETITION 2 — me Bea 


A YOU will récall, we posed our sec- 
ond-PhizzyB programming competi- 
‘ion in the March '99 issue of EPE and 
EPE Online. This competition was 
based on the generation of an odd parity 
bit: 

When one conveys digital data from 
one portion of an electronic system to 
another, noise or other “glitches” may 
occasionally flip a bit from a O to a | or 
vice versa. For example, suppose that we 
were to transmit a byte of information 
containing the value 00110111 from one 
computer to another, but that something 
occurred to flip the least-significant (LS) 
bit from a | to a 0, such that the receiving 
computer was presented with the value 
00110110. 

This could obviously cause problems. 
$0 we need some way to detect (and ide- 
ally correct) errors in our data. One of the 
simplest forms of error detecting codes is 
that of parity, in which an extra hit called 
a "parity bit" is appended to each trans- 
mitted byte of data. 

The idea is that the transmitter counts 
all of the Is in the original 8-bit byte, and 
uses this number to determine the value 
of the 9th (parity) bit. In the case of an 
"Even Parity" scheme, the parity bit 
would be set so as to maintain an even 
number of Is. Alternatively, when using 
an "Odd Parity" approach, the parity bit 
would be set so as to maintain an odd 
number of Is. " 

For example, consider the following 
data bytes and their resulting parity bits: 


Data bytes Even parity Odd parity 
00000000 0 l 
00000001. 1 0 
00110011 0 1 
00110111 1 0 
11111110 al Q 
TH11111 0 l 


The transmitting unit transmits each 
byte along with its associated parity bit. 
The receiving unit generates its own parity 
bit for each byte and compares this to the 
transmitted parity bit. If the two parity bits 
differ, the receiver knows that an error has 
occurred and can respond appropriately; 
for example, it could request that this byte 
be re-transmitted. (Note that there are 
more sophisticated codes that enable us to 
both detect and correct errors, but codes of 
this ilk are outside the scope of these 
discussions.) 


AND THE QUESTION 
WAS... 


The second PhizzyB programming com- 
petition was to write a program that loops 
around reading a value from the 8-bit 
switch device (connected to the input port 
at address SFÜ10), generating the odd-par- 
ity bit associated with this value, and dis- 
playing this parity bit using the LS bit of 
the 8-bit Led display (connected to the 
ouiput port at address SF030). 

In our first competition, we tried to 
create a program using as few bytes as pos- 
sible. By comparison, the judgement crite- 
ria for this competition were that the 
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Program should read the value from the 
switches and write the resulting parity bit 
to the I.e.d. display "using the least number 
of PhizzyB clock cycles" (note that a table 
of PhizzyB instructions versus clock 
cycles is provided in the EPE Online 
Library at www.epemag.com). 


AND THE WINNER I8 ... 

The winning solution was presented by 
Edwin P. Berlin, Jr., who hails from Oak- 
land, California (your year's subscription 
lo the printed version or EPE is on the way 
Edwin). 

Actually, we were a bit miffed by this, 
because no one prior to Edwin had spotted 
the right way to solve this problem. Thus. 
we were expecting to reveal the correct 
solution and look like heroes. but Edwin 
beat us to the punch. 

Even worse. Edwin's solution raced Ms 
way through the E-mail to us just as we 
were poised to close the doors, and it liter- 
aliy squirmed its way in at the last 
monent. However, all is forgiven, because 
Edwin's answer to the problem is so ele- 
gant as to make us all proud! 


LOOK-UP TABLE 


But enough of all of this waftle, what 
about the solution? Well the key point here 
is that we are not concerned with the size 
of the program (which can be as big as we 
want it to be), but only with the speed with 
which the program executes. Thus, Edwin 
started by creating the lookup table shown 
‘in Listing A. 
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Where did this table come from and what 
does it represent? Well, remember that an 8- 
bit byte can represent 2? = 256 different pat- 
tems of Os and Is, and that each of these 
pauerns is going to have a parity bit associ- 
ated with it. In the case of an odd parity 
scheme, the parity bits associated with the 
first sixteeh patterns will be as follows: 


Data bytes 
00000000 
0000000! 
00000010 
0000001 1 
00000100 
00000101 
00000110 
00000111 
00001000 
00001001 
00001010 
00001011 
00001100 
00001101 
00001110 
00001111 


Odd parity 
l 


= O Dm Ope O Or rm oO OO 


Note the symmetry of the parity bits: 
1001 01100110 1001, and also note that we 
use these O and | values as assignments 10 
the first line of our table in Listing A. Now 
consider what will happen with the next six- 
teen patterns of Os and Is, which wili be 
similar to the first set, except that the digit 
in the bit 4 column will now be a 1 (remem- 
ber that we start counting from 0, so ihe 
right-most column is the bit 0 column): 


Data bytes Odd parity 
00010000 0 
00010001 i 
00010010 H 
00010011 0 

etc 


Compare these four patternswith the first 
four patterns of the previous sequence. The 
fact that the digit in the bit 4 column is a ! 
means that our earlier parity bit is effective- 
ly inveried. In fact. if you look at the second 
line of the table in Listing A, you'll see that 
Ws the inverse of the first line (that is all. of 
the Os are now Is, and vice versa). 

Furthermore, if you look at the first digif 
following each of the .BYTE statements 
(that is, the column of digits running down 
the left hand side of the table), you'll see 
that they follow the same 1001 0110 0110 
1001 sequence we saw running across the 
first row of the table. 

Not that any of this is particularly rele- 
vant you understand, except that a little 
thought reveals how easy it is to define the 
contents of this table without having to 
bang our heads against the wall. 

Anyway, the end result of Listing A is a 
lookup table that will occupy 256 bytes of 
the PhizzyB’s memory. But again, this com- 
petition is not concerned with the size of 
our final program, but only with the speed 
with which it executes. 

Save the program shown in Listing A as 
lookup.asm and assemble it io generate the 
corresponding lookup.ram file. 


MAIN PROGRAM 


But wait, there's more. because the 
lookup table is only haif of the solution. 
Now let's consider the other portion of the 
program.as.:shown in Listing B (and while 
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1, 0, 0, 
0, 1, 1, 
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Listing A 


byte boundary 

1, 0, O, 1, 1, 0, 3, 0, 0, 
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we're considering it. feel free to use the 
assemblers File->New command to create 
a.new file and enter this program into it). 

In fact Edwin's program uses the same 
type of self-modifving code that we saw in 
the solution for our first competition. Let's 
stroll through this program and discover 
bow it works. 

We commence with three constant decla- 
rátions. The first declares a label SWITCH 
and assigns it the address of the input port 
connected 10 ihe PhizzyB's 8-bit switch 
device. Similarly. the second declares a 
label LEDS, which is assigned the address 
of the output port driving the 8-bit Led bar- 
graph display on tlie PhizzyB. 

The last constant declaration called 
LOOKUP is perhaps the most interesting, 
because we're assigning it the address of the 
first location in our lookup table, which we 
created in our earlier program segment. 

Now let's jump down the program a little 
to the label FETCH. Note especially the 
LDA [LOOKUP] statement associated 
with this label. When the assembler is run, 
it will automatically substitute the label 
LOOKUP for the value $4100. which we 
assigned to it earlier. Thus, the PhizzyB's 
memory will end up containing the 
following: 


Address Data 
FETCH $91 
FETCH+1 ` $4l 
FETCH+2 S00 


Note that $91 is the LDA opcode, while 
$41 and $00 are the mosi-significant and 
least-sienificant bytes of the target address, 
respectively. Of course the addresses, we've 
shown as FETCH, FETCH+1, and 
FETCH+2 will actually be substituted for 
real addresses by the assembler ($4006, 
$4007, and $4008 in the cáse of this partic- 
ular program). 

Why is this of interest? Well, this is 
where the seif-modifying code comes in. 
Let's return to the beginning of the main 
body of the program, which commences at 
the label LOOP. First we use the LDA 
[SWITCH] statement to load the accumu- 
lator with the current value on the switches. 
(Purely for the sake of an example, let's 
assume that the value we read from the 
switches is $39.) 


"The next.iine isthe clever bit. where we 
use the STA [FETCH «2] to save this value 
into the location at address FETCH+2, 
which means that we've just overwritten the 
least-significant byte of the target address 
associated with our second LDA instruc- 
tion, That is, the contents of the memory 
will naw be as follows: 


Address Data 
FETCH $91 
FETCH-1 $41 
FETCH+2 $39 


This means tbat when we execute the 
LDA instruction associated with the 
FETCH label, we won't actually read from 
address $4100, which was the original tar- 
get address associated with this instruction, 
and which is the address of the first location 
in our Jookup table. Instead, we'll read the 
value from the lookup table at address 
$4139 (that is, from row 3 column 9 in the 
lookup table). (Don't forget that we start 
counting the rows and columns from row 0 
and column 0, respectively.) 

What this all means is that we read a 
value from the switches and use that value 
as an index into our lookup table. The 
value that we read back from the lookup 
table contains the odd parity bit associated 
with this particular pattern of Os and Is (it 
has to be, because ihat's what we loaded 
into the lookup table in the first place). so 
all we have to do is to save this value to 
the 8-bit Led display, then jump back to 
the beginning of the loop and do it all 
again. 

Using the cycles versus instruction chart 
(as presented in the EPE Online Library at 
www.epemag.com). we can see that this 
program uses only 45 PhizzyB clock cycles 
each time it goes around the main loop 
(these cycles are shown in Listing B). 

Note that the above explains why we had 
to store the lookup table in its own program 
file. This was because we had to ensure that 
the table commenced on a 256-byte bound- 
ary (that is, that $00 was the value assigned 
to the least significant byte of the address of 
the first location in the table). 

This then allowed us to easily use the 
value on the switches as an index into the 
table. Many assembly languages allow the 
use of multiple .ORG statements. which 
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Listing B 

SWITCH: .EQU  $F010 # Switch port address = 0 cycles 
LEDS: .EQU  $F030 8 LED o/p port address = 0 cycles 
LOOKUP: .EQU $4100 # Start of lookup table = 0 cycles 
- ORG $4000 # Program starts here = 0 cycles 

LOOP: LDA [SWITCH] 8 Load ACC w switches = 9 cycles 
[FETCH*2]  & Store ACC (see notes) = 10 cycles 

[LOOKUP] # Load ACC from lookup = 9 cycles 

[LEDS] 8 Store parity to LEDs = 10 cycles 

{LOOP] # Jump back to start = 7 cycles 

# asos Gef € = — = 
4 End program Total = 45 cycles 


would have made this a whole lot easier. 
There's no particular reason why the 
PhizzyB's assembler shouldn't support 
multiple .ORG statements, except that we 
didn't think about this when we created the 
assembler! 


SUCK IT AND SEE 


Save this file as comp2.asm and 
assemble it to generate the corresponding 
comp2.ram file. Now power up your 
PhizzyB Simulator and activate the 
Memory -> Load RAM command. In 
the past we've only ever been interested 
in loading one program module at a time; 
but this time we wish to load two mod- 
ules. Double-click on the lookup.ram 
file in the left-hand scrolling list, then 
double-click on the comp2.ram file. 
Once both of these files have appeared in 
the right-hand list. click the "Load" but- 
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“Technology aes 
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ton to-load them both into the simulators 


memory. 

Now set the simulator running, set a pat- 
tern on the 8-bit switches at address SFO10 
and watch the odd parity bit associated with 
this pattern appear on the 8-bit Le.d. device 
at address SF030. Experiment with differ- 
ent patterns on the switches to ensure that 
everything is working as you expect. Of 
course, you can also download both pro- 
gram modules to your real PhizzyB and test 
this in the real world if vou wish. 


38.x CYCLES? 


Just to give you something to be ponder- 
ing, Edwin also presented a modification to 
his program that allowed him to reduce the 
average number of cycles for each "read the 
switch and display the parity" operation to 
only 39 cycles. Furthermore, Edwin noted 
how this approach could be extended to 
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reduce this average number to just 3 tad: 
over 38 cycies! 

Sadly, we dont have the time (or 
energy) to explain this any further herc. But 
if you think that you've spotted how this 


might be achieved, E-mail us ai 
info@epemag.com. 
OTHER APPLICATIONS 


Lookup tables are very important tools, 
which can be used for all sorts of applica- 
tions. Once you've wrapped your brain 
around the concept, you'll start to spo: ali 
sorts of cases where a lookup lable could be 
of use. f 

For example, consider the LFSR we dis- 
cussed earlier in our tutorial article. As 
opposed to generating the next LFSR vaiue 
algorithmically, we could use a lookup 
table approach if we wished. 


YOU WANT MORE? 


If you're desperate for something to do. 
one thing that springs to mind is creating a 
program that can generate the contents of a 
lookup table. (This isn't a competition you 
understand, just a little something to keep 
you occupied.) 

You could stan with a program to.gener- 
gle the contents of the odd parity table. 
Later (if you're feeling frisky). you could 
consider a program t0 generate the contents 
of the LFSR table. Note that this second 
program is a little trickier, in that the con- 
tents of each table entry form the index for 
ihe next value in the LFSR sequence. ] 

So, once more, "bye for-now! ri 


BELLS College 
n Ő ride 


Make your 


expertise pay! 


In today's world you need qualifications to obtain and keep 


employment, Our open learning courses make obtaining those 
qualifications as convenient as possible. 

Choose from our dozens of SQA accredited units, either 
singly to update your skills or as a group to obtain a Higher 
National Certificate. 

Learn at your own pace in your own home 

Support from professional enginéers via phone, 


FAX and the intemet 

Courses from introductory Bridging Modules 

to HNC Electronics 

Units from Programmable Logic Controllers 

to Engineering Computing 

DON'T DELAY - we are waiting to hear from you. 
Contact: Laura Murdoch, Open Learning Co-ordinator 
Tel: 01698 283100 Extension 214. 

E-mail: |. murdoch@bell.ac.uk 


Web: http://floti.bell.ac.uk/openlearning 


Member of the British Association for Open Learning 
Preview Centre for Financial Times Managemen 


Everyday Practical Electronics! ET] June 1999 


Id ege 
EUS EE en 
porán wai 
PARHTNEHSHIC] Ee Geet 


arara 19 PIS] ee 


[EVERYDAY ` 


PRACTICAL 


price. 


tostats Only 


S o Disco Lights Flasher e Simple 
M.W. Radio o EPE Virtual Scope-3 è Surface 
Thermometer. 


FEATURES € TEACH-IN ‘98 — An Introduction 
to Digital Electronics-3 e Circuit Surgery e 
Ingenuity Unlimited € Alternative and Future 
Technologies-2 o Net Work - The internet e 
Free - Giant PIC Data Chart. 


FEB "Op 


PROJECTS © Water Wizard o Kissometer o 
Waa-Waa Effects Pedal e EPE Virtual Scope = 


2. 

FEATURES e TEACH-IN ‘98 — 4 e Ingenuity Un: 
limited © Techniques-Actually Doing It o Cir- 
cuit Surgery o Net Work — The Internet e Chip 
Special - HT7630 PIR Controller. 


MAR'98  Photostats On! 


PROJECTS o Lighting-Up Reminder € The 
Handy Thing e Switch-Activated Burglar Alarm 
9 Audio System Remote Controller. 

FEATURES o TEACH-IN '98 — 5 © Ingenuity 
Unlimited © Interface o Stripboard Magic 
Review € Circuit Surgery o Net Work e EPE PIC 
Tutorial Supplement 1 


APRIL'98 Photostats Onl 


PROJECTS o Simple Metal Detector © Single 
or Dual Tracking Power Supply @ Experimental 
Piezo-Cable Projects — Distributed Microphone 
~ Vibration Alarm o RC-Meter. 

FEATURES o ingenuity Unlimited e Patent 
Your Invention o TEACH-IN ‘98 - 6 e Circuit 
Surgery o Net Work o Techniques - Actually 
Doing It © EPE PIC Tutorial Supplement 2 


MAY '98 Photostats: Only 


PROJECTS © Dice Lott o Security Auto-Light 
€ Stereo Tone Control plus 20W Stereo 
Amplifier e improved Infra-Red Remote 
Repeater. 

FEATURES © TEACH-IN ‘98 — 7-@:iNetiWork e 
EPE PIC Tutorial Supplement 3 


JUNE '98 

PROJECTS o EPE Mood Changer e Simple 
SW Receiver 9 Atmel AT89C2051/1051 
Programmer e Reaction Timer. 

FEATURES e 8051-based EEPROM 
Micrecontrollers e TEACH-IN “98 — An 
Introduction to Digital Electronics — 8 © Circuit 
Surgery € Techniques - Actually Doing It e 
Ingenuity Unlimited 


JULY '98 


PROJECTS e PIC16x84 Toolkit e Noise Cancell- 
ing Unit € Low Battery Indicator & Greenhouse 
Computer - 1. 

FEATURES o Using the L200CV Voltage 
Regulater o TEACH-IN '98 - 9 e Ingenuity 
'Unlimited € Circuit Surgery € Net Work. 


456 


SE, 


ELECTRONICS 
JETI! 


AUG ‘98 

PROJECTS e Lightbulb Saver € Float Charger 
e PC Transistor Tester € Greenhouse Com- 
puter —2 o Time Machine Update. 

FEATURES e TEACH-IN op - 10 e Circuit 
Surgery e Techniques = Actually Doing It e 
Ingenuity Unlimited. 

SEPT ‘98 

PROJECTS e Mains Socket Tester o Personal 
‘Stereo Amplifier € Greenhouse Radio Link e 
PIC Altimater. 

FEATURES e TEACH-IN ‘98 - 11 © Ingenuity 
Unlimited e Circuit Surgery € Interface 9 Net 
Work € Crocodile Clips Review. 

PROJECTS e Voice Processor 9 Digiserv R/C 
‘Channel Expander € Reliable Infra-Red Remote 
Control e PC Capacitance Meter. 


FEATURES e Easy PCB Making € Using LM335 
and LM35 Temperature Sensors @ Circuit 


urgery ® Ingenutty Unlimited e Net Work. 
NOV '98 


PROJECTS e PIC Tape Measure e T-Stat. 
Electronic Thermostat - 1 e PhizzyB Computers 
—1 e 15-way Infra-Red Remote Control. 
FEATURES oe Circuit Surgery © Ingenuity 
Unlimited e New Technology Update € Net 
Work — Tha Internet € Easy PC for Windows 95 
Review € FREE EPE CD-ROM No.1. 


DEC'98  Photostats Only 


PROJECTS o EPE Mind PiCkler-1 e Fading 
Christmas Lights e Handheld Function Gener- 
ator e Damp Stat Electronic Thermostat e 
PhizzyB Computers-2. 

FEATURES e PhizzyB Computers-2 Under- 
standing Computers © Circuit Surgery € In- 
genuity Unlimited e Index e FREE 48-page 
Understanding Passive Components booklet. 


BACK ISSUES 


We can'supply back issues of EPE and ET! (see panel) by post, most EPE issues from thé past five years are available. An EPE index 
for the last five years is also available — see order form. Alternatively, indexes are published in the Detember issue for that year. 
Where we are unable to provide a back issue a photostat of any one article (or one part of a series) can be purchased for the same 


DID YOU MISS THESE? 


JAN ‘39 

PROJECTS e Alternative Courtesy Light Con- 
troller o Twinkle Twinkle Reaction Game o 
Volume Compressor € PhizzyB Computers-3 o 
EPE Mind PICklar-2. 

FEATURES e New Technology Update € From 
Russia With Love e Circuit Surgery € PhizzyB 
Computers-3 e Net Work. 


PROJECTS e PIC MIDI Sustain Pedal e Light 
Alarm © Wireless Monitoring System-1 © 
PhizzyB Computers-4. 


FEATURES o Ingenuity Unlimited € Scolar 
Project 9 PhizzyB Computets-4. 
MAR '99 


PROJECTS e Smoke Absorber o Auto Cupboard 
Light e Phizzy8 Computers-5 e Time and Date 
Generator e Wireless Monitoring System-2. 

FEATURES e Ingenuity Unlimited € UITSEC 
Show Report € PhizzyB Computers-5 e Practi- 
cally Spsaking € Circuit Surgery € Net Work. 


AT 


PROJECTS e Mechanical Radio e Voice Record/ 
Playback Module e Versatile Event Counter e 
ee Computers-6 e Ironing Beard Saver. . 
FEATURES @ ingenuity Unlimited e PICI6F87x 
Microcontrollers € Phizzy8 Computers-6 e 
MAX761 D.C. to D.C. Converter e Interface è 
Circuit Surgery € Net Work e FREE 48-page Basic 
Soldering Guide booklet. 


MAY '99 

PROJECTS e MIDI Handbells e A.MJEM. Radio 
Remote Control e PhizzyB Computers-7 e PIC 
Toolkit Mk2. f 

FEATURES e PC Engines = From 4004 to 
Pentium WI e Ingenuity Unlimited e Practically 
Speaking e Phizzy8 Computers-7 © Circuit 
Surgery € New Technology Update e Net Work 
e FREE pull-out 7400 series Pinout Data Chart 


BACK ISSUES ONLY £2.75 each inc. UK p&p. 
Overseas prices £3.35 each surface mail, £4.35 each airmail. 
We can 2:50 supply issues from earlier yess: 1992 [except htarch, April, June to Sept. end Dec |, 1933 (except Jan to Merch, May, 
Aug, Dec), 1995 (except April, May, tune, Nov), 1996 jexcept dan., May to Sept. Nov. Dec.]. 1996 [mxcept Feb, Apal, Lise, July, 


Aog, Now), 1597. 


‘We can also supply back issues of ETI [prior to the merger of the two magszinss) for 1998/9 - Vol. 27 Nos 1 to 13 and Vol. 
28 No. 1, We are not able to supply any material from ETI prior to 1698. Picasa put ED clearly on your order form if you 


require ETI issues. 


Where we do not have an issue 2 photostat Gl any one article or one part of a series can be provided at the same price. 


ORDER FORM - BACK ISSUES - PHOTOSTATS - INDEXES 
1 El Send Back isates'datad deet oar i ect Eater] ccs 
1 [C] Send phatosiats of (articte title and issue date) : 
1 C] Send copies of last five years indexes (£2.75 for five inc. p&p ~ Overseas £3.35 surface, £4.35 airmail) . i 


DPAddress Y usur Ser is cS 


1 Gard Na Sacs bete Dac Ke RENE da 


— keseg 


der M GardlEXniny Date eder iecur EE sous 
] Note: Minimum order tor credit cards £5. Please suppty name and address of cardhowder E different from thet shown above. 1 


T er e mr Em m 


SEND TO: Everyday Practical Electronics, Allen House, East Borough, Wimborne, Dorset BH21 IPF. 


Fel: 01202 881749. Fax: 01202 641692. [Due to the cost we cannot reply to oversaas queries or orders by Fax.) i 


i 
I E-mail:orders@apemag vimborns.co.uk 
A Payments mest be in i mariing - cheque œ bank draft drawn on 2 


benk. Normely within seven days of receipt of order. 


Send a copy of this form, or order by letter if you do nat wish to cut your issue. 


Everyday Practical Electronics/ET1, June 1999 


B&W Quad 
Colour Quad 
Picture in Picture with alarm input 


Time & Date Generator Module 


SW infra-red light source 
Audio amplifier module 


Am. L.C.D. monitor 
68in. LCD. monitor 


Tel: 44(0)181 968 0227 


Jte teres 1o cornect in wros ax 5 21 


‘whieh eg x the naso. thet cofactor and ester and 
Wa m NOU or PH? ot takt, MACH hand hel 
MOSFET arenter cochfes ors duin ed torre 
ae dP Gare OTAD 4 HVAR 


— — ,£32 H each 
DAG componera 
tfe ` 


eto . — - £59.25 
Spenge catnets 2 way pope syren mi 
tweeters 


is [Tg [3 : 
SACS INAS 100WRMS 
eb 


Soe Eta Nx 
Aa (Sees Eri 
d E RE 


OUI pary h e ears Er oa, 
= 19° rack mount wan uaxi conse 
Éier (own Kach Hg — $202.11 
STAO Zei BON Ac Koch JY — C333 00 
STASOO WAAN: tna lesd) 3545 158500 
LEDS Sear: or Som red een, 7p ah ye 
itp each cate tes tp each £5 95 per 1000 £49 52 
pet 10.000 


Design yoür own professional video surveillance 
Smallest pinhole camera in the world, I$mm 15mm (B&W) £29.00 


32mm - 32mm Board camera, pinhole, high resolution (B&W) £29.00 
32mm = 32mm Board camera (Colour) 


1-394Ghz video transmitter module, 100mW 

2-4Ghz video transmitter module, 10mW 

1-294-1-3Ghz Linear power amplifier, 2W output 
Four-channe! video receiver module, with auto Switcher 


Time, Date and Character generator module 


Convert your VCR io an-aulomatic video recorder 


We also.siock R.F. parts such as Power Module. MMICs, RiP. 
transistors, etc. 


Above prices are subject to VAT and are for one ünit order 
10% discount for 5 or more 


CONFIDENTIAL COMMUNICATIONS LTD 
344 Kilburn Lane, Maida Vale, London W9 3EF 


E-mail: 106075.276@compuserve.com 


£65.00 
£79.00 
£350.00 
£299.00 
£85.00 
£80.00 
£250.00 
£120.00 
£42.00 
£65.00 
£25.00 
£7.00 
£45.00 
£190.00 
£290.00 


Fax: 44(0)181 968 0194 


Sa en E os EVT 
LLL LL — 4&1? ex or $050 pertes SE 
SC o 1501 aere seh sets D reuse & pod Fe EI 
otin an Sta areor (12 way ben | ee 
ncs 
tài zx ———— —— 4235 
Tear: commen zoo lod Gay Iern DAS 
Gets FET iow ickAo curte: S8873 £3255 each 
e Le ere ee 
See umag spe sce mr 
AC wth GE erat —— ff 
cone Astablity TOOS In in 

90073 0-1 Sv EG c OI cation wm ca E49 
ach oF pace of 30 CS SO 
Arp ASSOC eo mao ffs 25 rmm 
Siten Chen Ga booy € See pel 

EE qr £205 00 kx ate di 30 
Papes cacas box type 225mm si pih DS 
Bone th esch 145 100+ fo It tit 255 Vac Ap 
See tf Min. 
Ilam cate "SESCH 


Sir 
motes dodes & LEDs $3 Momi 


Had Aras ete FS E 
CV2425 aux EE ers teat niii 
abs Dork sare igt 
EE UE 25. a 
Vat FX Sage ee cormièr uted On nc 
maces d pring presses xr. (Oca lia i sg 
cra arr T cab LONE 
ES 


MALEN Site SA pyar ie W626 rot 5 
or DÀ pdr £3.55 ex^ (1005 225) 
M produc Aere are new sde Ge OOE- 
wur putei We en d CMOS TTL FHG "AE Leez 
Tessons kia topes bates, cosa: Kë 
Ez gert n Ech. 
ohio Mortem a ed Vd 
Za 
DR rec t Faite PAR kr eg 


SO ONSE may 
tec) VAT roused i: at preces. 


JPG ELECTRONICS 
27 B Chatsworth Road 
Chesicriield $30 2BH 
;AccessiVisa Orders: 

Vel: (01246) 2112122 Fax: (012401550959 
| Monday to Saturday 


Everytiay Practical Electronics/ETI, June 1999 


WASAF PRS? 


ELECTRONICS 0127 


TAY STEREO AMPURER MODULE User TOADS 
ches AB mcio poar aro © deed be er 
stereo pooicsoonS AEST £355 

12M BRIDGE AMPURER 420 cf tre power & 
LK ven f meskes. kes cx boer SO 
XAMKT £525 


id REMOTE TOGGLE SWITCH Lss sy ccm 
conta unii to sich onboará play onl XXe €T 


ae 
SPEED CONTROLLER foe say green UC menr 


up o TOWER Pulse woo Ce gros ma 
fT equ Bed ENOC JE BS 


PS SCT FOUR Q MOTOR DRIVER Sarai 
Io cores! up 10 4 tee Feta [e£ sume 
PE ao x Mra. 3100-KT 114 95 

t STEFZEA MOTOR DRIVER for any £ 5 
tx B eat motors, Irun mader 3109-KT £13.55 

PC BASED STEPPER MOTOR DANTA Comecss to 
prsa port Gives tao Ster motors «o D 35 
seh MIT Ise 


TRANSANTTEA RECEIVER PAIR ature 
bey fob gv TOW Te on 
range Race acoder mode 

won mained decoder C SAIS E13 75 


D Med eg = Vs power 
Lung 2 rows of 1 3 Leer. yelou, mong 
bur aria, OOS. SEAT EISS 


Our best eating ‘dog’. Super sensitive, high poas 
- 1000m range Ao 12 2 mie wen IEN repr b 
tece aerial GY tegen, Sixteen. MIBAT 


Cur best seling meromiratre root T 
ME IDEE UR EE 


power Zhang SC & tme des, Oey 

Gere. SALI 

The -TELEFHONE FECORDANG (NTEFFACE 

Corre: beteren phoce Ene = Cas records 
E when E 


ansus 7 LEDs greiss doe roll, se Gown & 
ee i ato Se Ie ook Sos 


STARWAY TO HEAVEN Tests hucre eeschte: 
fec. Press switch wien gras: tecrmert of LED betes 
to cibos narat -Migs B sta iae! Good gen 


W152 ine mie. 30137 SS 
MII - MINIATURE TELEPHONE TRANSMITTER 


4 es ety atace 15 pore ba Trases oor 
to Severs bast circus. WKT £7.95 P : when prore 6 used! Dyas pore 
ROULETTE LED Br sa round te wheel Sows « ine ag aru E poate sore | 
dom b drops reo a skz 15 Lochs, CMOS decode 
ro & Opt Educsreeid È e SORT p 
feist t XX E are ee oe 1 a erem së 

recess lus, un. Fd PEAT ENF 
k AMPLIFIER KIT 
ai Pick-up cod & sensere ampefier iet you Pear con 


vendor whan even hokinv) ne 


Can 
pi be wed for mevemence porposes. 3055-KT. £3.25 


Trees [AÀAAAAAAAAARAAAARAÀ 
Cnr dili as EACTOR 
LED FLASHER 5 utra bright rod LED's fein €: se- SE = 


Soe a E THE EXPERTS IN RARE & 
IC: PC PROGRAMMER Ges, eoye: € | UNUSUAL INFORMATION! 


Fest dotsits of E] X-FACTUE PUBLICATIONS 
can be found in cur creigut KZ ison 


PIC PROGRAWMER for SBE, 18 order charge for reports and piana S £5 00 
CHEW ae serai PLUS cormat P&P 
. Third party sofware supplied cx PEREA " i d 
Se e costs ee LEE R-EAR LISTENING DEVICE Comp'sie 


pios to buid your can perstcic deh | 
frizcphane Lisen to dau votes and 
ez lWoczh cper windows wed even waist 
Maas trom resday avete pares. 8262 £356 
TELEPHONE EUG PAS Bos you can mere 
beets telephone bug Sumable icr any phooe. 
Transits overt 250 metres - moe with quod 
teceiser. Made from e2ty to obtin cheap Come 
ponents: A205 £2 £3 
LOCKS - How they werk end bow to pick 
them. Tra fact fied ceport will teach you mere 
beet locia and the ert of ch pkbeg than 
may ORs we Neve SEFA St £ tenes 
on down lo O87 "the price. Packed wan information 
and Gustatons. AWE E3 £0 
RADIO b TV JOKER PLANS 


a pras ron SEAT £54 56 
SV/LS¥ TO SV BATTERY CONVERTES Replace zz- 
cerise 9d peceriss woh economic 12 tacens. E 
beset ck sesch Up D Or 2 AX beere Lä gr 


pius FM radio! May upset your 
eisen B the ethos!) 
DISCRETION REQUIRED. 8212 £3 52 
INFINITY TRANSMITTER PLANS Compiets 
plana for butting Ue famous infinity Transms- 
ter, Orce Datz on the Get phone, cevce 
acm Kis s room bug ct! cel the target phoce 
& ecthate thie unt t5 hear al room sounds 
Gresi for home clics securi! 8019 £350. 
THE ETHER EOX CALL INTERCEPTOR PLANS ` 
Grabs telephone cats out of thin giri No need t3 
ween a» piera bug Both pace tis derie 
rax the phone lines 12 hear the comersaDons 
"thing pisce! R225 £3.00 


one fer i 
mpera MOC T £12 75 
PR DETECTOR MCOULE Sead sesettied unt pat 


; : 
2) Mtr ARCOM GENERATOR Conse acd 
[nrw Tene eee d 
E. fi ety) kd mr S FaTuctow 
ord box praidd DIH SO 95 
POCKET SAMPLER DATA LOGGER Sache 
mga ren dum DIN pd OR Unt 
ùn eo Deal cose ssrëe PC matei 
foare coded HO £1 i5 


Var Geant Oe eic n Sart AIC) £T. 
Varie = peut xe cues PC XOSKT PLAT 

LOS PROSE was COS ETL cron 5 Sec tst puer. 
Vee scho zën d logie euis. Fd turco ep 
ES " z 


KUIA z 
plus AUDIO e EDUCATIONAL e LASER e SECURITY e TEST GEAR e BOOKS & more 


Qut hgh 33325 praed ins are supped with 37 components firs coss AEs & comers 
maneton FREE CATALOGUE with order or send 2.x 15: Clas starrps (fefoncatiel for detais of oe 
100 kan & oubications. Mad ois only Pese ADO £2.00 P. & P. to all orders Eutoce £3.50, Rest of 
Vë) £5) & make cheques PU's payabre to Quasar Electronics. Goods normasy despatch whin 5 
working dye bot Geng sion 28 dais for deseen Prices indude VAT at 17-5. 

Qüisar Electronics Unit 14 Sunnningdsta BISHOP'S STORTFORD Herta CM23 2PA 

Tel/Fax 01273 306504 E-mail: epesalesquasar-electronics freeservc.co.uk 

Web site: H clectronies.{rcesarve.co.uk 


457 


Constructional Project 


JOHN BECKER 


- Part Two : 


How to improve your PIC Programming 
options in a Flash — and it's a real pleasure to use! 


PIC Toolkit Mk2, told you how to 
build it and how to do a bit of prelim- 
inary system testing. We then left you high 
and dry! Still. you're an enterprising lot and 
in the intervening month you've no doubt 
done some playing around with the various 
Toolkit options. We now tell you the details 
of what you should have found the optioris 
capable of doing. 
So, plug it all in again; turn onthe power 
~and we're off... 


PIC CONFIGURATION 


PIC configuration is the next option on 
the list. However, since it is discussed in 
PIC Toolkit AE). the PIC Tutorial (Mar- 
May '98) and P/Ciutor (CD-ROM) we shall 
not repeat it all here. We shall now simply 
tell you what to do without saying why you 
should do it. 

Note that the configuration options 
offered by Toolkit Mk2 for both PIC "24 
and ‘87 series do not permit any Code 
Protection to be selected — a deliberate 
decision to allow unimpeded disassembly 
of all program and EEPROM data codes. 

To configure a PIC, select menu option 
1, do so now. The screen changes to show 
four oscillator configuration options, which 
apply equally to the PIC '84 and '87 series 
(as do a few more options yet to be shown). 

For each option offered, press «Enter» to: 
accept the default, or press one of the other 
keys offered if the default is not required. 

On this occasion, accept ihe XT crystal 
default, accept the default (No) for WDT. 
“accept the default (Yes) for POR. 


| AST month we introduced you to 


seccese CONFIGURE FIC D487" FACTORS momo 
fat oS ae 
XT MEDIUN SPEED CAYSTAL Am: - 4c 
ite iat 


LOU POR CRYSTAL Rit 


HIGH SPEED CRYSTAL 


Dë UATCHDOG TIMER Yer (fT aT.) (0D 
DAELE PWES- Ur TIMER Y-M (DEFAULT YES). YES 
faa FIC |T87x YAN (Ier Ri, ‘84) 


LORD CONF 1GURATION Yon ( 
FIHISHED COME IGURAT ION 
ANY KEY PRESS RESTORES OR 


SNE 


There is now a question as to whether it 
is an ‘84 or an '87 which is about to be con- 
figured. For the latter there are more factors 
to be selected, but you need to refer to the 


-data sheet for the '87 family to know how 


they should be used ~ we shall not discuss 
them. Accept the default of "84. 

(When the '87 is chosen and the final 
configuration option selected. two screen 


Jines then show the logic of the configura- 


tion bits and iheir abbreviated meanings, 
Refer to the "87 data sheets for their 
explanations.) 

When offered the Load Contiguration 
Option, accept the default and send the data 
to the PIC, having first checked that the 
power is on and Toolkit is connected to the 
computer. 

The sending is almost instantaneous and, 
unless there’s a problem on your board, the 
PIC will be configured as above. When 
advised, press any key to return.to the main 
menu. 

Note that the- default options in.the con- 
figuration function are fixed, unlike many 
that. we shall discuss for other routines. 


PROGRAM SENDING 
Once the PIC has been configured, 
you can send the previously assembled 
Program (which you did last month!) 
C:NPICNTKTESTI.OBJ to the PIC. Select 
option 2. 
The resulting screen is similar 1o that for 


the Assembly routine, giving the same 


choices of action. Press «Enter» to select 
the default file, which is then loaded into 
the computer prior to sending to the PIC. 


XT Str 


CN 


"84 SELECTER & OF 


YES 


Now displayed are the number of bytes 
(commands — the term byte is used loosely 
‘in this context) to be sent and the percent 
age capacity that will be used of the threé 
PIC sizes'available (this screen is common 
to all the “84 and ‘87 devices), and the 
number of spare bytes that will still be 
available. , 

With this file, which is to be zent to an 
'84, two per cent of the '84 will be used, 
leaving 1006 bytes. (Yes, you will probably 
have spotted that the count is now 18 
whereas on assembly it was only 14 com- 
mands — some header commands are added 
for the Send routine!) 

Press «Enter» to accept the default o 
send the data (N would retum you to the 
main menu). Confirmation that it is being 
sent is displayed and (again for interest) the 
time that sending commenced. 

The time taken to send data depends on 
the file length, about LK bytes (a full '84) 
per 11 or 12 seconds — about 90 seconds for 
a full "876 or '877 (8K). These timings are 
based on the author’s several computers 
running at 33MHz or faster. 

The 18 bytes will have prabably bas 
been fully sent well before you finish read- 
ing this paragraph. You should now see 
confirmation that it has all been sent, and 
the time at which it was completed. 


VERIFICATION 

You will recall that during the griginal 
setting-up procedure ii was established 
whether or not your computer was eapable 
of reading data back from the PIC. Ifit was 
found capable, you will also now see 


pn PIR 94/67: FRONTAS DIMAY CODE ee eneen 


MIRCE DIRECTORY STAR 08) 


Dat IS TOPIC 

USAIFYING 13 AUTORATIC 

PROCESS MIO FILE 7 d 
CAPICMIETESTI.OBJ LOADED WITH 28 


BYTES 


1I fioi 


RIC B7671 SPARE BYTES 


mM. 
t6 TRU WISH TO PROCESS THIS PROCHU Y/N 7 


SEADING Gs\PIC\TKTEST! 08) SEKR ¥519:27 
O VERIFYING ERRORS FOUND Dit OF Iron SENT 
PUNISHED Spee: CNP IÓNTRTESTÉUDBJ ‘AT: 15:19:27 


‘ANY EEY- PRESS, "ZS IRES (my 


The program sending screen, common to the '84 and '87 
devices. Note thai the used and remaining PIC capacities are 
shown for the three PIC sizes. 
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ed for a PIC16x84. Further options are shown when a 
PIC16F87x is the chosen device: 
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confirmation that ‘no errors have been 
found during the verification process fol- 
lowing the data being sent (the author has 
never expericnced errors that were not his 
fault — power not on. lead not connected, 
chip not inserted!). 

If your computer cannot read back, the 
verification routine is bypassed and no ver- 
ification message will be shown on screen. 

Should verification be active and errors 
have been found, another screen will be 
displayed giving advice on possible rea- 
sons for the failure. It is highly unlikely 


that you will normally ever see this screen 


once you have ascertained that Toolkit (and 
Tutor) are operating correctly. The chances 
are greatly in favour of YOU being the 
cause of the errors in some way! If errors 
are found, follow the suggestions on 
screen, and then try again. 

The contents of the Error Notes screen 
can also be viewed via the main menu, 
select N (for Notes) to display them. Have 
a look when you get a momeni to spare. 


DATA SENDING RATE 

The rate of sending is principally deter- 
mined by the PIC's need to have frequent 
10ms pauses between data bytes being sent. 
Additionally, the bytes are not sent as a 
consecutive sequence comprised of just 
themselves, A lot of extra commands have 
to be sent for each byte of data. 

When you have another spare moment or 
two. examine TKMAINO2.BAS from DOS 
EDIT, or through QuickBASIC or QBasic. 
Look for the routine having the label 
progsend: at about line 900 or so. Follow 
that sequence through, including its two 
sub-routines sendit and delay10. It's a tot 
of work to send just one data command! 


PHYSICALLY 


CHECKING 


'Right, for several paragraphs now, we've 
left the Sending routine program screen 
unattended. Look back at it, and follow its 
suggestion to return to thé menu. 

But, even more interestingly. though you 
may not realise it yct, your freshly pro- 
grammed PIC will be cycling through all its 
newly acquired commands with great 
gusto. Indeed, if you've got a Tutor board 
connected, you should be seeing activity on 
its PORTA and PORTB l.e.d.s. both poris 
counting upwards from 0 to their limit, 
rolling over to zero and starüng all over 
again. How tedious for the PIC — but never 
mind, eh, it's only a slice of silicon, and it 
doesn't know it's tedious! 

If you are using Toolkit without Tutor, 
you now need to use your meter (or prefer- 
ably an oscilloscope) to check that it's 
doing what we state it should be. After all, 
even though you've already checked its 
basic constructional accuracy, there could 
still be something the checks might not 
have shown up (for example. is the crystal 
oscillator working yet? It should be; but 
you don't actually know so). 

The counting has been deliberately 
slowed in TEST! so that changes on the 
PIC's pins can be observed on a meter, ana- 
logue or digital. The rate of change is a 
binary progression, with pin RBO changing 
state at the fastest rate and RB7 the slowest. 
Check with your meter that, sooner or later, 
RBO to RB7 and RAO to RA3 are all chang- 
ing state. Yes, we said RA3 and not RA4, 


think back to Tutor texts where it was 
pointed out that RA4 is an open collector 
pin, consequently it won't show a change 
of state unless.it.has a collector load resis- 
tor connected between it and +5V. 

If all is not as it should be, you need to 
switch off and check that you've assembled 
the board properly. Look for missed or 
shorted solder joints etc., and is the PIC in 
the right way round? Still, your electronics 
experience is presumably sufficiently 
advanced for you to know what to look for. 


IMPORTANT 
DIFFERENCES 


Do noi necessarily expect a program 
written for an '84 to be usable on an '87, or 
vice versa — the commands used are the 
same but the required register addresses 
can be very different. 

For example. where the User Data 
Memory starts at $0C for the '84s, it starts 
at $20 for the *87s, the addresses from S0C 
to SIF being additional Special Function 
Registers. Any code written for the ‘84 
must take this change into account if being 
converted for '87 use. 

It is also well worth noting with the "87s; 
that if you want to use PORTA as an output, 
not only must register TRISA be set for its 
selected pins to behave as outputs, you 
must also set the ADCON] register at $9F 
(PAGEI, SIF) to a value of 6 or 7 as well. 
Any other codes will set one or more 
PORTA pins for analogue-to-digital opera- 
tion. A similar situation applies to PORTE 
where available. 

For complete information on ADCON1, 
see the data sheet for the "Bis (especially page 
122 — late-1998 edition. Also see the error 
note at the end of this article). The following, 
though, will be of interest in the first instances 
of experimenting with the "87s: 

To access ADCONL, equate it to SIF at 
the head of your program. along with all 
the other equates: 


ADCONI: .EQU SIF 


Then, when setting the TRIS factors (for 
port direction control), set ADCON 1 to 6 or 
7T (it doesn't matter which), e.g. 


CLRF PORTA 
PAGEI 

CLRF TRISA 
MOVLW 6 __ 
MOVWF ADCONI 
PAGEO 


A program exam- 
ple that allows all five 
poris (PORTA, B, C, 
D, E) to be set so 
that binary counts 
appear on their ouit- 
puts is available in 
test | — program 
TKTEST4.ASM. 
Note that TKTESTI 
and TKTEST? do not 
allev PORTA to be 
seen as a counting 
output on the ‘87s 
(this will only be seen 
on the '$4s). 

A further point: on 
the '87s, RAA is an 


PIC 167877 
WH DEVICE 
id YOU UISA TO PROCESS |f 


(as it is on the '84s), but RAS is.a normal" 
pin in this context. 


DISASSEMBLY 


Those of you whose computers can't 
read Toolkit's data line can skip this section 
(correction ~ no you can't, you ought to 
know what you are missing and think about 
installing a printer port card that can read 
back, they are not expensive). 

We now tell you about disassembling à 
PIC's data, translating it back into a source 
code (.ASM) file. This is useful if you have 
got a PIC that you don't know what func- 
tion its been programmed to perform. Note, 
though, that the PIC itself may not allow 
you to disassemble its contents. 

All PICs of the '84 and ‘87 families have 
the option when configuring them to 
change one or more Code Protect flags. 
which from then on prevent the data being 
read back. It's to help stop the unscrupu- 
fous from- pirating other people's code! 
(We, though. encourage you to allow full 
and free dissemination of any codes you 
send to PICs using Toolkit - see 
Configuration, earlier!) 

If disassembly is a function your coni- 
puter lets you use, from the main menu 
select option 6. The screen revealed shows 
a table of the six PIC devices catered for by 
Toolkit, and their capacities. It is necessary 
to select a particular device to be disassem- 
bled since the software needs to know.how 
many commands it has to read. 

Tell it too few and you will not get all 
you want; tell it too many and you will get 
‘the same section of data re-read (there's 
fold back to zero if the PIC finds its byte 
address is higher than is allowed). There is 
Do way to tell the software where it should 
actually end its disassembly except in this 
fashion — disassembling the entire contents. 

Although all six devices are shown, in 
fact the software only has three size options: 
IK, 4K and 8K. So. for instance, if you are 
set for the "C84 but are disassembling an 
'F84, you can accept the ‘C84 option. 

As with many other Toolkit programs, 
default selection is included. The default can 
be changed by pressing the required option 
number. Press option 2 and note the default 
has changed to the "F384, which is row con- 
firmed on another line as having been select- 
ed. You could have just pressed <Enter> to’ 
have selected the previous default, had that 
been acceptable (which in this case it was). 


— e 


40 Z% 
PICIDCO4 SELECTED 
THIS Ted Va? 


pls e FICO TU. TAN 
np FO PELL: CSPE. et 
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AMY NEY PRESS RESTORES HOO 


e 2 a 


open collector output The disassembly screen showing ‘the six PICs catered for. 
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Accept the defauli to: process this pro- 
gram, press «Enter». Confirmation will. be 
shown that disassembly is in progress (and 
ihe format, TASM, that it is being generat- 
ed in — the option to disassemble to 

.MPASM format is available via menu 
option 7). 

You will also see at the top of the screen 
that the file name to which disassembly is 
being made is C:\PIC\DECODE.ASM. 
This is another default factor, the 
DECODE.ASM part of it is.fixed in soft- 
ware, but the destination directory and file 
name can be changed trom menu option D 
(whose functions are discussed later on). 

Be aware that disassembly is a section 
whose rate of completion will depend heav- 
ily on your computer's system speed — all 
sorts of look-ups and comparisons are 
being made during thé process. The 
author's 120MHz Pentium takes about 
three seconds for an '84; his 33MHz '386 
takes 85 seconds! 

When you have been informed that dis- 
assembly is complete, return to the main 
menu as Indicated. 


TEXT FILE EXAM 


Exams — often a hateful concept, but 
here highly beneficial. Now that you've 
disassembled the PIC, you ean examinc tlie 
text file via DOS EDIT. (It is assumed that 
all modern PCs have DOS EDIT accessible 
from anywhere within the computer's 
directory system.) 

From the main menu, you will see that 
alongside the E Edit Text File option, thé 
newly disassembled fie name 
C:\PIC\DECODE.ASM is now shown às 
the default. Press E for Edit, to cause an 
exit from the Toolkit suite and a retum to 
MS-DOS. There a Baich file, TK.BAT, 
will call TK2.BAT in which the Toolkit 
program has just placed the said default file 
name in the command format EDIT 
CAPICIDECODE.ASM. E 

This Batch. command calls up DOS 
EDIT which then loads the stated file and 
displays it: What you do with disassembled 
files was discussed in Toolkit MEI and will 
not be repeated here. You are, in fact, free 
to do whatever you like with this file from 
this position. editing it in any way you 
want. and resaving it under any new name 
of your choosing. 

Should you want, you cán also make use 
of EDIT in the same way as you would in 
other situations, examining and editing 
other files from any directory. However; 
any change of file name is not copied back 
into Toolkit when you return there, the 
same default name is still shown and 
assumed. (DOS EDIT is the suggested 
facility vou should use when writing your 
own source code for programs you are 
developing for PIC use.) 

Having called EDIT for a default file 
from within Toolkit, it’s name remains as 
the Edit default name (unless another rou- 
line you access changes it) and you can 
keep on developing your code and running 
it through Toolkits assembly/program facil- 
ities while using the same default name. 

Have a look now at what is shown in the 
-ASM file EDIT is displaying, then press 
(in conventional DOS EDIT fashion) ALT, 
F, X to exit EDIT. Whereupon the Batch 
file will return you to Toolkit's main menti 
Press those keys.now. 
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EEPROM MESSAGE 
SENDING 

These next two routines are included at 
the suggestion of a reader, who lamented 
their omission from some other PIC pro- 
gramming packages. 

The first routine, Send EEPROM mes- 
sage to PIC, allows users to pre-program 
the PIC's intemal EEPROM data memory 
(not the program memory) with any data 
they like. Some systems require the PIC 
program itself to place fixed data into the 
EEPROM data memory during its initiali- 
Sation routine before the main program 
starts. 

There are several advantages of having 
direct access to the EEPROM data menio- 
Ty, not least of which is the ability to 
change the data without fully reprogram- 
ming the PIC. Another advantage can be 
the saving in the program memory space 
that would otherwise be needed to. place the 
data where required. 

‘Referring to the main menu. you will see 
the option S for Send EEPROM message to 
"PIC, and its default is currently 
CAPICITKMESSGI.MSG. Use of the 
term message is, in fact, a rather loose 
interpretation what the file can hold. It can 
be any data that you want to place in the 
EEPROM. In this context, data means any 
8-bit byte value between O and 255. Tt can 
be expressed in any of four forms — ASCIL 
characters, binary. ‘hexadecimal and 
decimal. 

Later on, we suggest that vou examine 
this file fairly closely through EDIT as it 
shows the type of formats that are 
required when setting up your own data 
message. 

The "grammar" is very simple, and: can 
be stated as follows: 

Real text messages (as ior an Led dis- 
play, for example) can have all their char- 
acters on the same line, spelt-out in text 
fashion, thus: 


Hi there PICkhers! 


would be a legitimate message and the 
ASCII value (in decimal) of each character 
within the message would be sent to the 
EEPROM data memory in consecutive 
order from EEPROM byte location 0 
upwards. Such méssages must not be pre- 
ceded by any symbol or decimal number 
that will be interpreted as a numerical 
value, Thus: 


28 APR 1999 


would not be legitimate (sec later for how 
this type of situation is dealt with). * 

Binary values must cach be on their own 
line and preceded by a percent symbol (%). 
and be eight bits long, eg: 


G01100101 
% 11110000 
500110011 


each of which would be sent consecutively 
to the next available EEPROM bytes as 
.decimal values. 

Similarly, hex values must each be or 
iheir own. line and preceded by a dollar 
symbol ($), and having values less than 256 
decimal (0 to 255), e.g: 


$32 
$00 
SFA 


each of which would be sèn consecutively 
to the next available EEPROM bytes as 
decimal values. 

Decimal values must each be on their 
own line without a preceding symbol, and 
‘having a value between 0 and 255, e.g.:. 


Where a line statement might be 
confused for a numeric value or a control 
symbol, precede and end it by a single 
righthand quote (3. e.g.: 


*123' (sent as three ASCII values, 
39, 50. 51) 
(space, sent as ASCII value 32; 
; (comma, sent as ASCII value 44 ) 
'"' (semicolon, sent as ASCII value 59) 
"A b a quote, sent as ASCII value 
39) 
“O° (zero character, sent as A SCH value 
48) 
"(5 (percent symbol, sent as ASCII 
value 37) 
'$' (dollar symbol, sent as ASCII value 
36) 
' (three spaces, sent as ASCII values 
13144199:/82,:32) 
*28 APR 1999' (date, each character sent 
as separate ASCH value) 


_All control symbols must be at thé star] 
of a line, and statement types must not be 
mixed on the same line, 

The total message must he no longer 
than the EEPROM data byte capacity of thé 
PIC — excess length wil! not be sent. 

If you wish to include comments that are 
to be ignored by she data sending program, 
they must be ori their own line preceded by 
semicolon CA, thus the following would not 
be sent: 


¡Just a comment? 


Any message to be sent to the PIC can he 
written in DOS EDIT. Iis file namé must 
have a .MSG ending. 


MESSAGING EXAMPLE 


If you have one of the alphanumeric 
Led modules supplied with a ready-fitted 
connector for the P/Ciutor. (CD-ROM) 
board. plug it in and you can observe the 
messaging technique in action. 

First you need to load the PIC with pró- 


gram C:\PIC\IKTEST3. From the main 


menu, press A for Assemble, and then. 
where it asks which file to process, type in 
TKTEST3 (do not type in C:\PIC\ before 
it, or „ASM after it). 

Following assembly (only 77 com- 
mands), return to the main menu and press 
2. CAPICITKTEST3.OBJ has now 
become the default for this option, so just 
press «Enter» to send it to the PIC. 

Now look at the L.c.d. screen. What you 
have just done is to load the PIC with a 
simple l.c.d. controlling program that reads 
the contents of the PIC's EEPROM data 
memory and displays them as characters on 
the Led screen You could be seeing 
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anything on the screen right now, probably 
a whole chunk of garbage! You are about to 
change that. 

From the main menu press S for Send 
EEPROM meéssage. The resulting com- 
puter screen display shows that 
C:\PIC\TKMESSG1.MSG is the default 
ready to be sent. Press «Enter» to accept ii. 

A screen similar to that for Disassemble 
now appears. giving the choice of PIC 
types. It's their EEPROM data memory 
capacity that is now important, 64, 128 or 
256 bytes. Press <Enter> to accept the 
default (which should be the 'CS4 or 'FSá 
— unless you've been playing around earli- 
er, in which case press 1, for ihe 'C84). 

The screen will now confirm that the 
default message has been loaded and that it 
is destined for an '84, which has 64 bytes 
of EEPROM data memory. Press «Enter» 
to send the message. 

Now look at the Led screen. The first 
line shows a real message, Read EPE 
monthly. The second line, though, shows 

. how dare you call it garbage! It's the 
Lc.d.s interpretation of what might be 
absolutely critical non-alphanumeric data 
for use by another PIC program in pursuit 
of world controi! 

Return to the main menu, where it shows 
that the Edit default file is now the message 
you've just sent to the PIC. Press E to 
examine it from DOS EDIT. 

You will see a textale that includes a lot 
of “comments” preceded by semicolons, 
which offer “grammar” advice which is 
similar to that just discussed a moment or 
two ago. 

Interspersed between the comments are 
the EEPROM "message" itself, starting 
with Read EPE monthly, followed by 
examples of other data formats. Thai's 
what's been sent to the PIC — noi garbage at 
all! 

We can-now. confirm it by reading back 
the data from the PIC. Exit DOS EDIT to 
retum to the main menu. 


EEPROM MESSAGE 
READING 


Once again it is only those whose com- 
puters can read back via the printer port 
that can use this EEPROM read routine. 

Those who can, press R for Read EEP- 
ROM message from PIC, Again a choice of 
PIC type is offered, accept the (presumed) 
default of an '84, telling the computer that 
64 EEPROM bytes are to be read. 

Press «Enter to accept the '84 default. 
and press «Enter» again to start the 
process. 

On completion, from the main .menu 
press E to enter DOS EDIT wheré tlie 
default file is now seen to be 
C:\PIC\DECODE.MSG (note the MSG 
ending which indicates that il is a message 
file and not a source code .ASM file). 

The EDIT screen should show a com- 
ment line saying which PIC type has had 
its EEPROM data memory contents read, 
plus the date and time at which it was 
done. 

After a blank line, 64 lines of data will 
be seen. Each line holds three or four 
columns of data. Each column in a line is a 
different representation of the data byte that 
was read. Line one reads: 


$52 9601010010 82 “R” 


From teft to right, the 
columns eive hexadeci- 
mal. binary, decimal and 
(if me caningful) equivalent 
LASCII character in quotes. 
As to which column will 
prove to be the most useful 
rests on the nature of the 
program with which the 
data is used. In this case, it 
is (presumably) the ASCII 
characters for the fist 16 
bytes. 

Note that thé read message will always 
contain the full capacity of the EEPROM 
for the device being examined and not ail 
data will necessarily be relevant to (or used 
by) the device's program. 

(Two further messages suitable for Led. 
display can be found through the directory 
option. Also try writing some of your own.) 

Now exit EDIT to return to the main 
menu. 


EXAMINING 
DIRECTORIES 


Another great improvement offered by 


"Toolkit Mk2 is that access to file directory 
information has been added. Not only can 


you see what files are available, bur you can 
also select any of those files to make it the 
default file for the routine from which the 
directory display has been called. 

Let's illustrate an example. From the 
main menu press A to enter the Assembly 
routine. 

You've already been shown how to use 
the default file offered, and that you can 
key in a known file name. The third file 
access option is to call it up via the direc- 
tory. Press D for Directory, and then 
«Enter». 

A fourth program is now chained into 
service, TKDIRO3. The nature of what is 
then displayed depends on the routine from 
which the directory was called. Calling it 
from the Assembly routine shows all files 
having a .ASM ending (as relevant to 
Assembly) and with the current default 
directory (C:\PIC\). This information is to 
be seen on screen line 2, where it says 
Category = CAPICV.ASM. (More on 
default directory changing presently.) 


Screen line 1 shows the main options 
‘open to you now. 


The number of files listed will depend on 
whether or not your C:\PIC\ directory 
existed before load- 
ing Toolkit Mk2 (it 
could be chockablock 
if you are a frequent 
user of PIC pro- 
grams). If the directo- 
ry was created by 
Toolkit you will see 
only four files, three 
TKTESTs and one 
DECODE. 

. To select a particu- 
Jar file, use the cursor 
keys to highlight the 
or you want. Do so 

select 
TKTEST2. ASM, 
then press «Enter». 
Screen line 1 will 
Change to display the 


n 


E 
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Typical example of part of a directory screen. 


accept it. Press N on this occasion to reject 
the offering. 

Screen line | will now revert to showing 
its previous options. The «Enter? option is 
the one you have just tried; M would retum 
you to the main program, which you do not 
want at the moment; option D allows you to 
narrow down the number of files displayed 
— especially useful if there are a lot of files 
shown. Let's whittle the number down now 
to just show those starting with TK and 
ending in .ASM. Press D. 

Line i displays the previous category 
called. Line 2 asks you to enter a new cate- 
gory. Type TK* «Enter» (the asterisk 
being used as in any DOS file search 
option). See how the screen has obeyed 
your command? If you call a category that 
does nol exist you are told so and offered 
another attempt. 

Note that you cannot (from this routine 
now) change the drive or the drive directo- 
ry that is being searched, nor can you 
change the ASM ending. The first two can 
be changed from another option yet to be 
described (Directory Path — Display/ 
Change). The .ASM can never be changed, 
it js a category specific to the Assembly 
routine (and to some others). Other “dot” 
extensions are used in other situations, e.g. 
.OBJ when looking for TASM object code 
files, HEX for MPASM hex code files, and 
.MSG for EEPROM message files. 

Move the — highlight back to 
TKTEST2.ASM, press «Enter» to seleci 
it, press «Enter» again to accept the file. 
You are now retumed to the main program 
and then returned to the Assemble routine 
from which the directory was called. Lo 
and behold, there as the default is 
TKTEST2.ASM. Accept it for assembly 
and then send it to the PIC if you want. 

Its action is the reverse of TKTEST1 - 
counting down from 255 to zero, and repeat 


sossonose CHANGE TA UL DETRULT DIRECTORY cNi ETC =teeesare 


Pic 
CAINS 


Eë, 


CHANG SOURCE DRIVE TO i 


file name selected The screen through which directory and drive paths are 


and askif you wantto amended. 
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Perpetuum mobile until you change the 
program! You can watch this on the Tutor 
board’s Le.d.s. if you've nothing better to 
do (which you have, as it happens!) 
Anyway. sooner or later get back to the 
main menu, and read this next section. 


DIRECTORY PATHS 


From the main menu, press D to reveal 
the Directory Paths Display/Change screen. 
It's from here that you can change default. 
drives and directory paths, and the default; 
PIC type. ; 

You cannot change the “doi” endings, 
though. They are fixed! So too are the 
source or destination when just the word 
PIC is shown, and the DECODE file name 
is also fixed. Nor can you change the port 
register, or the verify/disassemble option -- 
they were fixed when the setup program 
was being performed and you were asked 
to test the port output lines (Setup can 
always be run again if you think circum- 
stances justify it — option Z from the main 
menu). 

Let's show you how changeable matters 
can be changed. Press 2. whereupon the 
functional description for option 2 will be 
highlighted. At the bottom of the screen the 
description is repeated as confirmation and 
below it the two subjects that can be 
changed, the source drive and source 
directory. 

You are first offered the chance to 
change the drive letter, you might want 
Drive A, for example. For the sake of 
demo. make believe you do want Drive A. 
Press A and <Enter>. See how the source 
statement has changed colour and the drive 
is indeed stated as A? 

A change to the source directory is now 
offered. Again just for demo, choose any 
name you like, between one and eight let- 
ters long, EPE [or instance. Pressing 
«Enter? will clear the bottom of the screen 
and the highlight on option 2. But you will 
now see that option 2's default path has 
become what you selected — 
ADSEPEwXXX.OBJ (where xxx represents 
the file name that will eventually be placed 
in that position during that routiné's active 
service. 

Still for demo, press 5. You now have 
four items to change if you want, drive and 
directory for both source and destination. 
As before, any can be changed when 
offered on the bottom line. If you don't 
want to change an item, just press «Enter 
and it will remain unchanged. Try it with 
ali four items shown. 

Experiment with any of the other 
options, but leave option À untouched for 
the moment, we shall return to it anon. 

It is important to note that a disk must be 
in the drive selected and that the directory 
path stated already exists on ii. Failure to 
observe this could result in an error situa- 
tion that needs you to exit the program and 
start again (by typing TK from the PIC 
directory). 

A lot of error trapping has been allowed 
for in the program, but the author might 
still have overlooked a potential error situ- 
ation from which immediate recovery is not 
possible. 

The PIC default type is simply changed 
by pressing P, cycling through the six types 
catered for. Try it, but end up with one of 
the "Bis, 
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“Having changed all you want to experi 
ment with, when next asked which func- 
"one parameters you want to change, just 
press «Enter». 

The program now saves all the new para- 
meters. They will continue to be the 
defaults every time you run Toolkit (even 
after a period of switched off-ness!) until, 
you change them again. 

Having saved the details, the main menu 
re-appears. Press 2 and look at the top of 
the resulting screen. You will see that the 
default directory is shown as you chose it. 
If you know that the stated path is actually 
available, press D for directory. On entry to 
the directory program, any files within the 
stated file directory will be displayed and 
can be selected. If the path does not exist, 
don't try this situation until you have 
selected one that does. 

Return to the main menu and select D-for 
Directory Paths again. This time, press A to 
Restore Author’s Defaults. In the blink of 
an eye, so shall it be! All your changes have 
gone and the original parameters are back 
in place. The word RESTORED will now 
be seen on the A line, 

The reason is because two identical 
default files were created during setting up; 
one that your path changes can be saved in, 
and the other which remains holding the 
author’s defaults. On restoration, the 
author's file is called in and overwrites 
your changed file. 

Return again to the main menu. 


MPASM OPTIONS 


The end is nigh, but not quite yet! Sust a 
bit more to describe: 

TASM and MPASM — the differences 
between these two PIC dialects were dis- 
cussed at length in Toolkit Mk1, we shall 
not repeat those discussions here. Sighs of 
relief from those who read it, groans of hor- 
ror from those who didn't. Despair not ye 
latter, Back Issues are available (and photo- 
copies will be when those have all gone — 
see Resources, near the end). 

Suffice to say now that all the 
TASM/MPASM options in MKL are avail- 
able in Mk2 — options 3, 4, 7. 8. 9 on your 
main menu. There's nothing new about any 
of them, except for the new use of defaults 
and directories. 

No, wait, there is One significant differ- 
ence. t came as a surprise to the author to 
learn (from a fair number of you) that he'd. 
overlooked some situations in which insuf- 
ficient memory space remained available in 
Basic. That aspect has been thoroughly 
revised and very little use is now made of 
data storage in memory ~ far more is done 
using Drive C as the storage medium. 

The main limits imposed on ‘memory 
storage are for Labels (1000). Jumps 
(1000), Equates (200). Object code length 
(16383), Command codes (255), Program 
text lines (9150). 

Unless vou are trying to process some- 
ihing you shouldn't be, it seems highly 
improbable that you'll have memory prob- 
lems with Mk2 — or will you report back 
differently . ... ? 


SETUP OPTION Z 


You are welcome to use option Z (run 
Setup program) any time you want. You 
may perhaps want to recheck your comput- 
er's.connections to Toolkit, for example. Or 


you may have acquired a printer port card 
ihat can now read data back from the port, 
whereas your original board could not. 
Beware, though, all the files and defaults 
created during the original setting up (and 
which you may have changed) will be re- 
created and the previous data lost. If this 
could be a problem to you. make a copy of 
all the TK-prefixed files in the PIC directo- 


‘ry and then re-copy them into the remade 


directory. (Note-that all other files remain 
untouched.) 


O FOR QUIT (AT LAST!) 


You will have used it already, we are 
sure, but we'll just repeat that pressing Q 
for Quit takes you fully out of the Toolkit 


‘program suite (without finding yourself in 


DOS EDIT instead). To get back, in, type 
TK from the PIC directory. 

And now the author quits. All queries, 
comments and «praise to EPE Tech Ed 
please! 
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RESOURCES 

Software for PIC Toolkit Mk2 is avail- 
able on 3-5-inch disk from the Editorial 
office and as a free download from the EPE 
web site — see Shoptalk column in this 
issue. 

Data sheets for PIC devices are available 
for free download from Microchip’s web 
site at http://www.microchip.com. 

Arizona Microchip can also be contacted 


‘at Microchip House, 505 Eskdale Road, 


Winnersh Triangle, Woking, Berks RG41 
STU. Tel: 0118 921 5858. Fax: 0118 921 
5835. (Mail addresses for Microchip agents 
world wide are accessiblé via the above 
web site.) | 
Back Issues of Toolkit MEI (July '98). 
the PICI6F87x Review (Apr '99) and 


Téprints (back issues now all sold) of the 


PIC Tutorial articles of Mar-May '98 are 
available from the EPE Editorial office (see 
Back Issues page). 

For details of the PICtutor CD-ROM see 
our CD-ROMs for Elecironics page. 


CORRECTIONS 

Part 1 Pet IC3 RB6 shouldbe nüm- 
bered 39 (27). 3 

Pan | Pei PICÍGF873/876 pin 8 
should read GND. 


DATA LOGGER 


Coming soon — $-channel Analogue 
Data Logger. with up io 2Mb serial 
memory, using PIC16F877. 
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£1 BARGAIN RACKS 
— List 1 


1,000 items appear in our Bargain Packs List — 
request one of these when you next order. 


2 LITHIUM COIN CELLS, 3V p.c.b. mounting, Order 
Ref: 1078. 
2x5A BRIDGE RECTIFIERS with heatsink couplers 
ix 12V charger, Order Rei: 1070. 

x 10 PACK SCREWDRIVERS. Order Rel: S09. 
ix AMP PULL CORD CEILING SWITCHES, brown. 
Order Ref: 821. 
5x REELS INSULATION TAPE. Order Raf: 911. 
2xCORD GRIP SWITCH LAMP HOLDERS. O:der 
Ref: 913. 
1xDC VOLTAGE REDUCER, 12V-5V. Order Ref: 
9i&. 
LIGHTWEIGHT STEREO HEADPHONES, moving 
cod so supenor sound. Order Ref: 896. 
2x25W CROSSOVERS for 4ohm loudspeakers. 
Order Ref: Zz. 
2xNicad CONSTANT CURRENT CHARGERS, 
easily adaptzbie to charge almost any NiCad Battery. 
Order Ref: 30. 
18V-0-18V 10VA mains transformer. Order Rel: 813: 
2x WHITE PLASTIC BOXES with eis, approx. Am. 
Cube. Lid has square hole through the centre so 
these ara ideal for üght-cperated switch. Order Ref: 
132. 
‘2x REED RELAY KITS, os get B reed switches and 
2 cod sets. Order Ref: 1 
12V-0-12V 6VA mains iata: pcb. mounting. 
Order Ret: 938. E 
1xBIG-PULL SOLENOID, mains operated, has win 
pull, Order Ref: 871. 
1xBIG-PUSH SOLENOID, mains operated, has 
vain. push. Order Ref: 872. 
1x MINI MONO AMP. 3V/ into 4 chm speaker cr WW. 
into 8 ohm. Order Ref: 495. 
1xHINI STEREO 1W AMP. Order Rei: 870. 
15V DC 150mA P.S.U., nicely cased. Order Ret. 
942. 


1XIN-FLIGHT STEREO UNIT fs a starec amp. Has 
two mast useful mini moving coil speakers. Made for 
BOAC pasengers. Order Ref: 29 ` 

1x0-1mA PANEL METER. Full vision face 70mm 
square. Scaled 0-100. Order Ref: 756. 

2xLITHIUM BATTERIES. 2-5V penlight size. Order 
Ret: 874. 

2x3m TELEPHONE LEADS. With BT fiat plug. Ideal 
for ‘phone extensions, fax, etc. Order Ref: 552. 
1x12V SOLENOID. Has good 'zin. pul or could 
push if modified. Order Ref: 232. 

3xiIN-FLEX SWITCHES. With neon on/off tights, 
savas leaving things switched on. Order Ref: 7. 
2x6V 1A MAINS TRANSFORMERS. Upright 
mounting with fixing clamps. Order Raf: 9. 
1xHUMIDITY SWITCHES. As the air becomes 
damper, the membrane stretches and operates a 
microswitch. Order Ref; 32. 

4x13A ROCKER SWITCH. Three tags so owo, or 
changeover with centre off. Orde: Ref: 42. 
1xSUCK OR BLOW-OPERATED PRESSURE 
SWITCH:.O; if can ba operated by any kny pressure 
variaton, such as water level in tanks. Order Ref: 67. 
1x6V 750mA POWER SUPPLY. Nicely cased with 
mains input and 6V output lead. Order Ref: 103A. 

12 VERY FINE DRILLS. For p.c b. boards eic. Nor- 
mal cost about 80p each. Order Ret: 128. 
5xMOTORS FOR MODEL AEROPLANES. Spin to 
stan so needs no switch. Order Ref: 134. 
6xMICROPHONE INSERTS. Magnetic 400 ohm, 
also act aS speakers. Order Ref: 139. 

6xMHEON INDICATORS. In pene! mounting holders 
with fens. Order Ref: 180. e 
1XIN-FLEX SIMMERSTAT. Keeps your soxienng 
iron etc. always at the ready. Order Ref: 156. 

1x ELECTRIC CLOCK. Mains operated. Put this ina 
box and you need never be late. Order Ref: 211. 
4x12V ALARMS. Makes a noise about as loud as 4 
car hom. All brand new. Order Ref: 221. 

2 x(6In.x 4In.) SPEAKERS. 16 ohm 5 watts, so can 
na joined in parata! to make a high wattage column. 
Order Ret: 243. 

1x PANOSTAT. Controis output of boling ring from 
simmer up to boil. Ordàr Ref: 252. 

2x OBLONG PUSHSWITCHES. For bell or chimes, 
these can swüch mains up to 5A so coud be 
footswitch if fitted in patvess. Order Ref: 263. 

50 x MIXED SILICON DIODES. Order Ref: 283. 

1x6 DIGIT MAINS OPERATED COUNTER, Stan- 
dard size but counts in even numbers. Order Ref: 28. 
2x6V OPERATED REED RELAYS. One normaly 
on, other normaly closed. Order Ret. 48. 

1x CABINET LOCK. With two keys. Order Ref: 55 
6% B(15 WATT SPEAKER. Order Ref: 824. 

1x SHADED POLE MAINS MOTOR. cin. stack, so 
quite powerful. Order Ref: 85. 

1xCASE, 34%x2%x (e with 13A socket pins. 
Order Rel: 845. 

Z2 CASES! 244% 2'Ax 12% with 13A pins. Order Rei: 


4x LUMINOUS ROCKER SWITCHES. 108 mains. 
Order Ret: 793. 


BATTERY MOTOR WITH GEARBOX. Wa operate on 
any DC vottage between 6V and 23V, price £3. Order 
Ast: 3P108. A speed controMer is avadshie for ties. £12 
in Kit torm or £20 made up, but if you intend to cperate ü 


from the mans, Ihan cur power supply 273 wil give you 


3 speeds and wil also reverse. Price ol power supply is 


£2. 

SPEED CONTROLLER for motors up Io 16 h.p.. £12in 
ki larm, Ceder Ref 12735, and £20 made up and work- 
ing, Order Ref: 20°39. 

REVERSING SWITCH, sing'a pots 40A or double pole 
BGA, £1. Order Rel, 343. 

30A DP SWITCH, panei mounting, £1. Order Rel: 156. 
MAINS DRIVEN DC MOTOR CONTROLLER, swatch 
gives 6V, BV or 12V and reversing. Idea! to control the 
battery motor with gearbox, price £2. Order Ret: 23 

BT TELEPHONE EXTENSION WIRE. This e proper 
heavy duty cable for running around the skirting board 
when you want to make a permanent aatension. Four 
cores property colour coded, 25m langih oniy £1. Order 
Ret: 1067. 

LARGE TYPE MICROSWITCH. With din. lever, change- 
over contacts rated at 154 at 259V, 2 for £1. Order Ref- 
1721907. 

MINI HICROSWITCH. Only approximately 15mm long 
with a 20mm lever which could quite easily Ge removed, 
changeover contacts rated at SA AC. 50p each. Order 
Ref: 1/21R8. 

FLEX PROTECTORS. Rubber, 30mm ona 8mm 
(ameter with a 12mm shoulder. kial for protecting flex 
passing through a metal panel, § for £1. Order Ral: 
V21R10. 

10K POT. With doubie-pole mains onaf switch, good 
length of Yin senta end her foung nut, Son each. 
Order Ref: 1/22R5. 

DITTO but SK. Order Ret: 1/11 R24. 

BALANCE ASSEMBLY KITS. Japanese mada, whan 


Bssambled ideal tor chemical experiments, comp:ete with 


tweezers. St? 5 weights 0-5 to 5 grams. Frica £2. Order 
Ret: ZP44 

SUPER CROP TOM PARKINSON MAINS MOTOR. 
Realy wed mads, lotgi enciosed by  ventsaled 
framework. Size approximately An. diameter, Ap. high 
and with 2in. of a Sen. spinde. Spsed is 750rpm, hp is 
not quoted but we estimate this to be around /8hp. 
Price £10, Order Rel: 10P149. 

EQUIPMENT COOLING BLOWER. Nes' enoogh 5m. 
square and in. thick but a really good aX mover. 
Mains cperated, price £4. Order Fel: 7151. 

OVEN THERMOSTAT with knob calibrated so you can 
Set & to cul Qui at any temperatura up to 600°F, £3. 
Order Bei: 3P229. 

DOORBELL PSU. This has A.C. vcltega cutput' so is 
ideal for operating most doorbelg. The unit is totaly 
enclosed so perfectly safe and it plugs into a 134 sockst. 
Pre only £1. Order Ref: 1/20R1. 


BUY ONE GET ONE FREE 
ULTRASONIC MOVEMENT DETECTOR. Nicely 
cased, free standing, has mema! alarm which can ba 
ssenced, Also has connections for extemal speaker or 
light. Price £10. Order Ref: 10P 164. 

CASED POWER SUPPLIES which. wth 2 few small 
exta components and a bit of moditying. would give 
12V at 10A. Originafy £9.50 each, now 2 for £9.50. 
Order Raf: 9.5P4. 

3 OCTAVE KEYBOARD with piano size keys, brand 
new, previcus price £9.50, now 2 for tha price of one. 
‘Order Ret: 9.5P5. 


GEAR WHEELS. Set af 5, quite smal, shouid enable you 
to get a variety of speeds, mounted in a metal casa but 
easy to remove and use separately. Pree €1 the cet 
Order Ret: D409. 

CYCLE LAMP BARGAIN. You cen have 100 6V 0-5A 
MES bulbs for just £2.50 cr 1,000 for £20. Thay are 
beautifully made, sbghtly larger than the standard 5-3V 
pot bub so they would be ideal for making displays tor 
night Bghts and similar applications. 50 joined in senes 
can be connected to the mains and would make & very 
attracüve window display. 100 for £2.50. Order Bet 
2.5P29. 

12V RELAY. Miniature, dear plaic enclosed, has one 
set changeover contacts, one set that breaks contact 
and 3 sets that make contact. Price £1 each. Orde: Ret: 
GR30. 

COMPONENT MOUNTING PANEL. Heavy Paxolin, size 
approximately tOn. x2in. with 32 pairs of brass Gas 
for soldering ot binding on componens, £1. Orde: Ref: 
V7RC2b. 

AIR-SPACED TUNING CAPACITOR. Twin 100pF with 
timmars, extra smat. Fixed trom the front by 3 seraws 
£2 each. Order Rel: 1/7RC2$. 

PEA LAMPS. Very tiny, only 4mm, but 13V at 004A, 
wze-anded. 25p each. Order Ref: VZRC28. 

HIGH AMP THYRISTOR. Norma! two contacts-from the 
top end heavy threaded Ring undemeath. We dont 
kranw the amperage af this but think i to be at least 25A. 
Price 50p each. Order Rat: 1/7RC43. J 
FLASHING BEACON. Ideal for putting on a van, a 
tractor cr any vehicle that shouid s'ways be seen. Uses a 
Xenon tube and has an amber coloured doma. Seperate 
fuing base is included so unit can be put away id 
Ges:tabis. Price £5. Order Ref. 59257. 
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LIGHT ALARM. Or ù couid ba used to wam when asy 
cupbeard door is opened. The fight shining on the unk 
makes the bel ring. Completely built and neatly cased, 
requires only a battery, £3. Order Hei SP TS5. 

WATER LEVEL ALARM. B2 à bath, snk, cellar, sump or 
any otter thing that could fiood. Ths device vi tell you 
when tha water has risen to the preset leval. Adiustabi» 
Over quite a useful renga. Neally cased for we mount- 
ing, ready to work when batiery (ted, £3. Croer Ret: 
Kat? 

BIKE RADIO. In fact, k's move than a rado, E s an alarm 
and a spotlight The rado is batlery oparzted, ol course, 
and needs 3 AA cens. Only one band but this ts the FM 
band so yell receive Rado 1 and 2. Comes complete with 
nandiebar ftang cps. Price £5. Order Rel: 4P7Z 
EMERGENCY LIGHTING UNIT with perspex cover. Con- 
tains intemal rechargeab's batteries and ds cwn charger 
to cperate an intemal flusrescent tube. Stays on for 3 
hours should mains fall Price £15. Order Raf: 15°32. 
PHILIPS gie. MONITOR. Nei cased. but it is m z frame 
for rack mounting. It is high resolution and was made to 
work weh the [AM One per dsk computar. Price £15. 
Order Ret: 1591. 

METAL CASE FOR Sin. MONITOR. Supoted 25 a-fiat 
pack, price £12. Crder Aet: 32P3 > 
TELEPHONE EXTENSION LEAD. Nicely made and BT 
approved. Has the piug into ET socket one end end the 
telephone sockel the other end, total length 12m, £2. 
Order Ref: 2P 338. : 
INSULATION TESTER WITH MULTIMETER. internaiy 
generates voltages which enadis you to read insulation 
dzectly in megotms. The mutime:er has four ranges 
ACDC vois. 3 rangs DC miamps, 3 ranges resistance 
and 5 amp range. Ex-Briish Telecom but in very aocd 
condition, tested and guaranteed, probably ccst at least 
£50 each. yours for only £7.50 with 'sads, camying case 


'£2 extra. Order Rof: 7.5P5 


REPAIRABLE METERS. We have some of the zbove 
testers Gut faulty, not working on all ranges, should be 
repairabiz, wa supply diagram, £3. Order Ret: 3P 176. 
PIANO ON KEY CHAIN. Although it is quite smal, only 
20mm tong, it will play any tuna. Instructions with it ted 
you which keys to press for Happy Birthday. Twinkie 
Twinkle Lite Star’, ‘Jingle Bas and London Bodge'. Itis 
also a ligni, it has a bis lamp which can be operated Dy 
tha end switch. Banery coerated (not incuded), price 
£1.50. Crder Ret 1.5P39. ; 

12V RECHARGEABLE YUASA. BATTERY, Sested sc 
usable in any pasion — eut go! troiey, lean mower, 
portabie &ghts, elc., etc., onty £3.50. Order Ref: 3 SP11. 
CHARGER FOR YUASA BATTERY. Tti battery 
charges plugs mio a 13A socket, charges at 
epproximately 1/2A so ib wouid charge thes. Cattery 
ovemight Completa with croc caps, ready to go, £5 
Crier Ref: 5P269. 


TOROIDAL MAINS TRANSFORMERS 
All with 220/240V primary winding 
24V +24V at 25VÀ would give 
25V at 1A cr 50V at WA, 
pice, £3. Order Rel: 3P255 
0-7V 40VA, has main vixi- 
ing IV at 5A and a sem: 
dary winding 12V 1A price 
£3. Order Ref. 3P238. 
0-110V-F0-110V 2! 120VA 
would ghe you 110V at just 
aver tA Gr 220V at A. price 
ER. Order Ref: 8^ G3 
35V -35V at 150VA woud 
give 35V at 4A of 70V st 2A, price £8. Order Rast: 8PGO, 
35V. 35V at 220VA would give 35V at Gah ar 70V at 
TAA, price £10. Order Ret: 10PG4. 
die 110v at 220VA would qve 110V at 2A oc 220V 2 
1A, price £12. Order Rel. 12PG5. A 
110V = 110V at SGOVA would give 110V.at SA È 220V af 
nearly 3A, price £25. Order Ref: 25PG8. 


SUPER WOOFERS. 

A 1046. iohm with power 

fating of 250% muse and 

nomal 150W. Normal se3ng 

price fer this is £55-VAT, 

you can buy at £29 incluida 

VAT ard carriage. Order Ret: 

2GP7. The second ene is an 

Bin. 4ohm, 200W music, z0ü0W normal again by 
ChaZenger, pace EIS Orde: Ret: 18P9. 

Deduct 10% from thasa prices H you order in pairs or can 
eoiset. These are all brand new in makers packing. 


: TERMS 
Send cash, PO, cheque or quote cred:t card number 
— orders under £25 acd £3.50 service charge. 


J & N FACTORS 


Pilgrim Works (Dept. E.E.) 
Stairbridge Lane, Bolney, 
Sussex RH17 5PA 


Telephone: 01444 881965 
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‘ELECTRONICS TEACH-IN No. 7. FREE 
ANALOGUE AND DIGITAL SOFTWARE 
ELECTRONICS COURSE d 

{published by Everyday Practical Electronics) 

‘Alan Winstanley end Keith Dye B.Eng(Tech)AMIEE 

"This highly acclaimed EPE Tesch-In series, which Included 
the construction and usa of the Mini Lan and Aficro Lab 
test and development units, has been put together in 
book form. Additionally, EPT Educational! Softwere have 
developed a GCSE Electronics softwere program to com- 
piment the course and a FREE DISK covering the fust two 
parts cf the course is included with the book. 

An interesting and thorough tutorial series aimed spec- 
fally a1 the novice or complete beginner in atectrcnics. 
The series is designed to support those undertaking either 
GCSE Electronics ot GCE Advanced Levels, and starts 
with fundamental principles. 
lf you are teking electronics cr technology at school 
or college, this book is for you. ff you just want to 
fearn the basics of electronics or technology you must 
make sure you sea it. Teach-[n No. 7 will be invaluable 
if you are considering a career in electronics or even 
if you are already training in one. The. Mini Lab and 
software enable the construction and testing cf both 
demonstration and development circuits. Thase laarn- 
ing aids bring electronics to life in an enjoyable and 
interesting way: you will both sea and hear the electron 
in action! The Micro Lab microprocessor add-on system 
will appeal to higher level students snd those davelop- 
ing microprocessor projects. 


£3.95 


160 pages 


ELECTRONICS PROJECTS ` — FREE 
‘USING ELECTRONICS WORKBENCH 
lus FREE CD-ROM CD-ROM 


LP Horsey : 

This book offers a wide range cf tested circuit mod- 
ules which can be used es electronics projects. pan ol 
an electronics course, of as a bands-cn way of get 
ting better scqueinted with Electronies Workbench. With 
circuits ing from ‘bulbs aod batteries’ to complex 
systems using integrated circuns, the projects will appeal 
to novices, stadents and practitioners alike. 

Etectronies Workbench is a highh versatile computer 
simulation peckz3e which enables the user ta design, test 
and modify their circuits before building them, and to plan 
PCB layouts on-screen. All the circuits In the book are 
provided as runnable Electronic Workbench files on the 
enclosed CD-ROM, and a selection of 15 representative 
Circuits can be explored using tha free demo version of 
the appiication. 

Contents: Some basic contents; Prezects with switches, 
LES, relays end diodes; Transstocs: Power supplies; 
Opamp projects; Further op amp circuits; Logic gates; Res! 
lope circuits; Logic gata muttvibrators: The 555 timer, 
;Fip-fiops, counters and shit registers; Addes, comparators 
and muttplexers; Field effect transistors; Thytistors. triacs 
ard dacs; Constructing your cireust; index. "S 


227 pages 


A BEGINNER'S GUIDE TO MODERN ELECTRONIC 
COMPONENTS 

R. A. Penfold 

Taa purpose of this book is 10 provide practica! informa: 
tion to help the reader sort gut the bewildering atray of 
components currently on offer. An advanced knowiedge 
of the thecry of elecuronies is not needed, and this 


book is not Intended to be a course in slectronic theory. - 


The main aim is to explain the differences berween 
components of the same basic type (2.5. carbon, carbon 
film. meta! film, and wira-vound resistors) so that the 
right componant for a given application can be sefecied. 
A wide renge of components ere inciuted, with the 
emphasis firmly on those components that are used a 
great deal in projects (or the home canstructor 

170 pages er, £4.99 


The books listed have been selected by Everyday Practical 
Electronics/ETl editorial staff as being of special interest 
to everyone involved in electronics and computing. They are 
supplied by mail order to your door. Full ordering details are 
given on the last book page. 


FOR ANOTHER SELECTION OF BOOKS SEE 
THE NEXT TWO MONTH'S ISSUES. 


Note our UK postage costs just £1.50 no matter how 
many books you order! 


'WINDOV/S 55 EXPLAINED 

P R. M. Oliver and AL Kantaris 

# you v.cutd like to cet up and running, as soon es possible, 
with the new Windows 95 operating system, then this is the 
book for you. 

The book was weiten with the non-expert. busy person in 
md it explains the harchware that you need in order to run 
Windows 95 successfulty, and haw to Install and optimize 
four System's resources. It presents an overview of the Win- 
dows $5 environment. 

Later chapters cover how to work with programs, folders 
and documents; how to Cool Windows 95 and use the 
many accessories that come with it; hows to use DOS pro- 
grams and, if necessary, DOS commands and how to com- 
muracate yth the rest of the electronic world. 


170 pages ES 99 
INTERFACING PCs AND COMPATIBLES 
R A Penfold 


Once you know how, PC interfacing is lass involved than 
interfacing meny exghi-bit machines. which have tended to 
use some unusual interfacing methods. 
This book gives you: A detailed description of the Imes 
on the PC expansion bus. A detailed discussion cf 
the physical characteristics of PC expansion carts. The UO 
map and detass of the areas where your add-on caa be 
fitted, A diccussion af address ing techniques. Presti- 
cal address decoder circuits. Simple TTL Bé input and 
Gäng ports. Details of using the 6255 paralel interface 
adaptoc. Digital to analogue converter circuits. in fact every— 
thing you need to know in ocde to produce successful PC 


£5 neces Order code BPZ £3.95 


EASY PC INTERFACING 

R. A. Penfold H 

Although the internal dxpansion:stots of a PC provide 
tuii access to tha coi er's buses. and arë suitable for 
eser add-ons, mating your owm expansion cards re- 
quires a fair amount of expertise and equipment. The 
built-in ports provide what is often s much easier and 
hassie-free way ofiinterfacing your ovm circuits to a 
PC. In particlar, e PC printer port plus a small amount 
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of extemal hardware provides a surprisingly versatile 
input/output port. Tha PC “games” port is less useful for 
genera! interfacing purposes, but it can be useful in 
same applications. 

This book provides a number of useful PC add-on 
circuits including the following: Digital Input/output ports; 
Analogue-ta-digital converter; Digitalto-Analcgue Con- 
veter VoRage and Current measurement circuits; Resis. 
ance meter; Capacitance meter; Temperature measure- 
ment interface; Biofeedback monitor; Constant voltage 
model train controller; Pulsed model tain controilers; 
Position sensor (optical. Hall effect, ete): Stepper motor 
interfaces Relay, and LED drivers: Triac mains zvatching 
interface. 
173 psges 


Order code BP385. £4.99 


INTRODUCTION TO HICROPROCESSORS Set 

John Crisp 

H you sre, or soon will Le, invoived in the use of 
Microprocessors. this practical introduction i e=santial 
reading, This bock provides a thoroughly Set 
tian t0 microprocessors. assuming no previous incatedge 
of the subject. nor a technical Gr methemeical back- 
ground. 4 is sunable for students, techniciens, engineers 
and hobbyists. and covers the full range of modem 
microprocessors. 

After a thorough introduction to the subject, ideas org 

sweloped progressively in a vwalkstructured fonnat AF 
tschrózal terms ate carefuy introduced and subjects which 
have proved difficuh, for example Zs complement are 
ciesry explained. John Crisp covers the complete ranga oj 
microprocessors from the popular 4-ba and 8-bi designs to 
today’s super-fast 32-bit and 64-bit versions that power Fs 
and engin? msnsgement Systems etc. 

Contents: The word changed in 1971; Microprocessors 
dont have ten fingers: More counting; Mathematica 
micros; t's ail a maner cf logic: Registers and memories; A 
eer: High lev oh Sech 
son Programming, Hi ai languages; Micros zre getting 
bigger nd faster; The pentium; The PowerPC; The Alpha 
21164 microprocessor, Interfacing: Test equipment and 


fau!t finding. me 
; ees 


222 pages 


Circuits and Design 


PRACTICAL REMOTE CONTROL PROJECTS 
Owen Bishop 
Provides a wealth of circuits and circuit modules for use 
in remote contro! systems of all kinds; ultrasonic, infra- 
red, optical fibre, cable and radio. There are instructions 
for building fourteen noval and practical remate control 
projects. But this is not all, as each of these projects 
provides a model for building dozens of other related 
Circuits by simply modifying parts of the design slightly 
to suit your Gen requirements. This hook telis you haw. 
Aiso included ere techniques for connecting a PC to a 
remote control system, the use of a microcontrolist in 
remote control, es exempiified by the BAS!C Stamp, 
and the application ol ready-msde biens LEE 
418MHz radio transmitter and receiver modules to 
remote control systems. 


160 psges | Order code BP413 | £5.99 
DISCOVERING ELECTRONIC CLOCKS ` 
W. D. Phillips 


This is a whole book about designing and making 
electronic clocks. You start by connecting HIGH and 
LOW logic signais to logic gates. You find cut about 
and then build and test bistables, erystal-controlled 
astables, counters, decoders and displays. Al! cf these 
tems era carefully exptained, with practical work 
supported by easy to follow prototype board layouts. 
Full constructional deta3s, including circuit diagrams end 
a printed Gout board pattern, ze given for a digitzl 
electronic clock. The circuit for the First Dock is modified 
ard developed to produce additional designa which include 
a ay E Binary Clock, Linear Clock, Andrews Clock 
(with a semi-sralogue display}, and a Circes Doch, All ct 
these designs are unusual and distinctive. 
This is an ideal resource for project work in GCSE 
Design end Technolcg,. Elsctronics Product, and for 
project work In AS-Level and A-tevel Electronics and 


Technology. 

i93 peges, A4 spiral bound MIERA £16.50 
DOMESTIC SECURITY SYSTEMS 

A. L Brown 


This back shows you how, with common sense and basic 
do-it-yourset skiils, you can profect your home. It also 
gives tips and ideas which will help you to maintain and 
improve your home security, even if you already have 
an siem. Every circuit in this book is clearly described 
and illustrated, and contains components that are easy fo 
source. Advice and guidance ate based on the resl ex- 
patience of the author who is an elarm installer, and the 
designs themselves have been rigor put to use on 
some of the mosi crime-ridden streets in the world. 

Tne designs include ail elements. including sensors, 
dstectors, alarms, controls, lights, video and door entry 
systems. Chapters cover installation, testing, main- 
jenance and upgrading. 


182. pages Order cole NEZS | £12.88 
MICROCONTROLLER COOKBOOK 
Mike James 


The practical solutions to res! prcblems shown in this 
cookbook provide the bzsis to make PIC and 8051 
devices really work. Capabilities cf the variants are 
examined, end ways to enhance these are shovwm. A 
survey of common interface cevicss. and s descrip- 
tion af programming models, Lead on io a section on 
davelcpment techniques. The cookbook offers an intro- 
duction that will allow any user, novice or experienced, 
to make the most of microcontro!lars. e 225 


240 pages [Order code NEZO| 


A BEGINNER'S GUIDE TO TTL DIGITAL ICs 

A. A. Penfold 

This took first covers tha basics of simple logic circuits 
in general, and then progresses to specific TTL logic 
integrated circuits. The devices covered Inclus gates, 
oscillators, timers, flip/flops. dividers, znd decoder cir- 
cuits. Some practical circuits sre used to illustrate the 
use of TTL devices in the "real wortd” » 

142 psges Order code BP332 £4.95 


ELECTRONIC MODULES AND SYSTEMS FOR 
BEGINNERS 

Owen Bishop Eng. 3 
This book describes over 60 modular electronic circuits, 
how they work, how to build them, and how to use 
them. The modules may bs wired together to make 
hundreds of different electronic systems, both analogue 
and digital. To show the reader how to Begin build- 
ing systems from modules, a selection of ove: 25 
electronic systems ars described in detail, cavering 
such widely differing applications as timing, home 
security, measurement, audio (including a simple radio 
receiver), gamas and remote coniro. 


200 pages £3.95 


PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE 

F.A. Wilson, C.G.I.A., C Eng, FLEE. FLERE., FBIM, 
Bridges the gap between complicated technical theory. 
and “cut-and-tried™ methods which may bring success 
in design but leave the experimenter unfulfilled. A 
strong practical bias — tedious snd higher mathematics 
have been avoided where possible and many tables 
hava been included. 

The book is divided Into six basic sections: Units and 
Constants, Direct-Current Circuits, Pessive Components, 
Afternatinc-Current Circuits, Networks and Theorems, 
Measurements. 


256 pages Temporarily out of print 


Everyday Practical ElectronicslETI, June 1999 


Bebop To The Boolean Boogle 


By Clive (call me Max) 
Maxfield 
ORDER CODE BEB1 


£24.95 


470 pages. Large format 


Specially imported by EPE — 
Excellent value 
An Unconventional Guide to 
Electronics Fundamentals, 
Components and Processes 


This book gives the "big picture" of 
digital electronics. This in-depth, highly 
réadable, up-to-the-minute guide shows 
you how electronic devices work and how : 
they're made. You'll discover how transistors operaie, how printed circuit 
boards are fabricated, and what the innards of memory ICs look like. You'll 
also gain a working knowledge of Boolean algsbra and Karnaugh maps, 
and understand what Reed-Muller logic is and how it's used. And there's 
mpch, MUCH mors (including a recipe ior a iruly great seafood gumbol). 
Hundreds of carefully drawn illustrations clearly show the important 
points of each topic. The author's tongue-In-cheek British humor makes it 
a delight to read, but this is a REAL technica! book, extremely deteiled and 
accurate. A great reference for your own shelf, end also an ideal gift for a 
friend or family member who wants to understand whaj it is you do all 
day.... 


DIGITAL ELECTRONICS - A PRACTICAL APPROACH" FREE 

With FREE Software: Number One Systems - EASY-PC SOFTWARE 
Professional XM and Pulsar (Limited Functionallty) 

Richard Monk 

Covers binary arithmetic, Boolean algebra and logic. gates, combina- 
tion logic, sequential logic including the design and construction of 
asynchronous and synchronous circuits and register circuits. Together 
with a considerable practical content plus the additional attraction of 
its close association with computer-aided design including the FREE 
software. » 

There is a 'blow-by-blow' guide to the use of EASY-PC Professional XM 
(a schematic drawing and printed circuit board design computer package). 
The guide also conducts the reader through logic circuit simulation using 
Pulsar software. Chapters on p.c.b. physics and p.c.b. production tech- 
niques make the book unique, and with its host of project ideas make H an 
ideal companion for the integrative assignment and common skills com- 
ponents required by BTEC and the key skllis demanded by GNVQ. The 
principal aim of the book is to provide 2 straightiorward approach to the 
understanding of digital electronics. 

Those who prefer the ‘Teach-In’ approach or would rather experiment 
with some simple circuits should find the book's fing] chapters on printed 
circuit board production and project ideas especiaily useful. 


250 pages £16.99 


Theory and Reference 


Bebop Bytes Back 


By Clive "Max" Maxfield 
and Alvin Brown 


ORDER CODE BEB2 


£29.95 


Over 500 pages. Large 
format 
Specially imported.by 
EPE — Excellent value 


An Unconventional Guide 
To Computers 
Pius FREE CD-ROM which includes: 


Fully Functional Intemet-Ready 
Virtual Computer with Interactive.. 


Bebop BYTES Back 


^n Unconventional Guide to 
Computers 


This follow-on to Bebop To The 
Boolesn Boogie is a multimedia ex- 
travaganza of information about how C 
computers work. It picks up where “Bebop |” left ofi, guiding.you through 
ihe fascinating world of computer design . . . and you'll have a few 
chuckles, if not belly laughs, along the way. In addition to over 200 
megabytes of mega-cool multimedia, the accompanying CD-ROM [for 
Windows 95 machines only) contains a virtua! microcomputer, simulating 
the motherboard and standard computer peripherals in an extremely 
realistic manner. In addition to a wealth of technical information, myriad 
nuggets of trivia, and hundreds of carefully drawn illustrations, the book 
contains a set of lab experiments for the virtual microcomputer that lat 
you recreate the experiences of sarly computer pioneers. If you're the 
slightest bit interested in the inner workings af computers, then don't dare 
to miss this one! : 


r 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and technicians, seeks tG 
establish a firm foundation in digkal electronics by treating the topics of 
gates and flip-flops tharoughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh mapping are explained, 
‘demonstrated and used extensively, snd more attention is paid to the 
subject of synchronous counters than to the simple but less important 
ripple counters. 

No background other than a basic knowledge of electronics is assumed, 
and the more theoretical topics are explained from the beginning, as also 
are many working practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 

200 pages ‘Order code; P106. : £8.95 


Audio and Music 


AN INTRODUCTION TO LOUDSPEAKERS AND 
ENCLOSURE DESIGN 

V. Capel 

This book explores the various features. good points 
and snags of spsaker designs. Itt examines the whys and 
wherefores so that the resder can understand the 
principles involved and so make an informed choice of 
design, or even design loudspeaker enclosures for him— 
or herself. Crossaver units ara aiso explained, the 
vatious types, how they work, the distortions they 
produce and how to avoid them. Finally thare is a 
step-by-step description cf the constnmecticn of the 
Kapallme:ster loudspeaker enclosure. 

148 pages £3.59 


ACOUSTIC FEEDBACK - HOW TO AVOID IT 

V. Capel 3 d 
feedback is the Sane of all public address systems. 
While feadback cannot be completely eliminated, many 
things can be done to reduce it to a level ai which it is 
fic longer a problem. ; 

Much of the trouble is often the hall itseH, nat 
the equipment, but there is s simple and practical 
way of greatly Improving acoustics. Some microphones 
are prone to feedback while others are not. Cenzin 
toudspeaker systems are much batter than others, and 
the way the units are positioned can produce a reduced 
feedback. All these matters are fully explored as well às 
electronic aids such as equalizers, frequency-shifters 
and notch filters. 

Tha special requiremants of live group concerts sre 
cansidared, and aiso the related problem of instatitity 
that is somatimes encountered with large set-ups. We 
even take a look at some unsuccessful attempts to cure 
feedback ap as to save readers wasted time and effort 
duplicating them. 


Also Included is the circuit and layout of an inaxpen- 
sive but highly successful tv/in-notch filter, and how to 
operate it. 


92 pages Temporarily out of print 
PREAMPLIFIER AND FILTER CIRCUITS 
R. A. Penfold 


This bosk provides circuits and background information 
for a range of preamplifiers, plus tone controls, fittérs, 
mixers, ete, The use of modern low noise operational 
amplifiers snd a specialist high performance audio 
preamplifier jc. results in circuits that have excellent 
pecormance, but which ara still quite simple. All the 
circuits featured can be built at quite low cost (just 
a few pounds in most cases]. The presmplifier cir- 
cults festured include: Microphone preamplifiers (low 
impedance, high impedance, and crystal). Magnetic 
cartridge pick-up preamplifiers with RIAA equaliss- 
tion. Crystat ceramiz pick-ug preamplifier. Guitar pick-up 
presmpiifier. Tape head preamplifier (for use with com- 
pac: cassette sysiems). 

Other circuits Include: Audio limiter to prevent over- 
losding cl power amplifiers. Passive tone controls 
Active tone controis. PA filters (highpass end fow- 
pass). Scratch and rumble filters. Loudness filter, Audio 
mixers. Volume and balance controls. 

92 pages Temporerily out of print 


COMPUTERS AND MUSIC - AN INTRODUCTION 
RA Penfold 
Compaters are playing an increasingly important:part in 
the world of music, and the days when computerised 
music was strictly for the fanatical few are long gone. 

Hf you are more used to the black and white keys of 2 
synth keyboard than the QWERTY keyboard of a com- 
puter, you may be understandably confused by the jar- 


'con and terminology bandied about by computer buffs: 


Everyday Practical Electroniés/ETI June 1999 


But fear not, setting up and using s computer-based 
muse making system is not es difficult as you might 
thi 
This book vail heip you learn the basics of computing, 
running 2pplications programs, wiring up a MIDI system 
and using the system to good effect. in fact Just about 
everything you nesd to know about hardware and the 
“Programs, with no previous knovdedge of computing 
needed er assumed. This book will heip you to choose 
the right components for a system to suit your personal 
needs, end equip you to exploit that system fully ` —— 
174 pages Temporarily out of print 


-ELECTRONIC PROJECTS FOR GUITAR 


R. A. Penfold 

This book contains & coliectlon cf guitar effects snd 
some general purpose affects units, many of which ara. 
suitable for beginners to project building. An introduc- 
tory chapter gives quidanca cn construction. 

Each project has an introduction. sn explanation af 
how it works, a circuit diagram, complete instructions 
on stripboard Izyoul and assembly, as well as notes 
on setting up end using the units. Coments include: 
Guitar tuner; Guitar preamplifier; Guitar headphone 
amplifier; Soft distortion unit: Compressor; Envelope 
was waa; Phaser, Bus! tracking effects unit; Noise 
,gate/expandar; Trebia booster; Dynamic treble booster; 
‘Envelcpe modifier: Tremelo unit; DI box. 

110 pages Temporarily aut of print 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 

'R. A. Panfoid 

Practical construction details of how to build 2° num- 
ber of audio power amplifiers ranging from about EA 
to 300/400 watts rm.s. includes MOSFET and bipolar 


tfansistor designs. I 
| Order cove BEZI | Pa 


96 pages 
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SCROGGIE'S FOUNDATIONS OF WIRELESS 
AND ELECTRONICS ~ ELEVENTH EDITION 
S. Vii Amos end Roger Amos 
Scroggie’s Foundations is a classic text for emyone work- 
ing vath electronica, who needs to know the art and craft 
of the subiect. H covers both the thecry and practical 
aspects of a huge range of topics from valve and tuba 
technology, and the application of cathode ray tubes 
to radar, to digital tape systems and optical recording 
techniques. P 
Since Foundations of Wireless was fitst published over 
60 years aga, it has helped many thousands of raaders to 
become -familias with the-principles of radio and alec- 
tronics, Tha crigins! author Sowerby wes succeeded by 
Scroggie in the 1940s. whose name became synonymous 
with this classic primer for practitioners and studepts 
alike. Stan Amos, one cf the fathers of modern electronics 
and the author cf many walicknown tooks in the area. 
toot over the revision of this book in the 1989s and it is 
he, with his son, who have produced this latest version. 


400 psges Order code NE27 £19.99 
ELECTRONICS MADE SIMPLE 

Isn Sinclzir 

Assuming no prior knowledge, Electronics-Afsde Simple 


presents an outline o! modern electronics with an em- 
phasis on understanding how systems work rather than 
on detaits of circuit diagrams and calculations. tt is ideal 
for students on a range of courses in elactranics, includ- 
ing GCSE, C&G and GNVO. and for students of other 
subjects who will be using electronic instruments and 
methods. S 

Coments: waves and pulses, passive components, 
attive components and ICs, linear circuits, block and 
circuit diagrams, hove radio works, disc and tapa record. 
ing, elements of TV ard radar, digital signats, gating and 
logic circuits, counting and correcting, microprocessors, 
calculators and computers, miscellaneous systems. 
Page 159 large format) £1299 
TRANSISTOR DATA TABLES 
Hans-Günther Steidis 

The tabtes in this book contain information about tha 

zge shape, pin connections and basic electrical data 

or each of the many thousands of transistors lisied. The 
data includes maximum reverse voltage, forward current 
and power dissipation, current gain and forward transad- 
mitiance and resistance, cut-off frequency ard details of 
applications. 

A book of this size is of necessity restricted in its scope, 
and the individual transistor types cannot therefore ba 
described in the sort of detail that maybe found in some 
larger and considerably more expensive data books. How- 
ever, the list of manufacturers’ addresses will mate H 
cauer for the prospectiva user ta cbtsin further informa- 
ten, e iy 
Lists ower 8.000 tkffarent transistors, including Late 
Temporarily out of print 


MORE ADVANCED USES: 
OF THE MULTIMETER 
RA Pentold 
Tha book is primarily 
intended as a follow-up to 
BP239, [see below), and 
should also be of value 
to anyone who already 
undermands the basics 
of ens testing and 
simpia component testing. 
By using ka tectmiques 
descnbed in Chapter 1 
you can test and analyse 
the pesformance of a 
tange of components with 
just a muttime:er (plus à 
very few inexpensive com- 
ponents [n some cases). 
Some useful quick check 
methods sre aiso covered. 

While a muitimeter e supremety versatile, it does nave 
its limitations. The simple add-ons described in Chapter 2 
exiended the capshiliues of a multimeter io make it even 
more useful. 


84 pages der code BP265 -£245 
ELECTRONIC TEST EQUIPMENT HANDBOOK 
‘Steve Money 


The principles of operation of the various types of test 
instrument are explained in simple terms with a minimum 
of mathematical analysis. The book covers analogue and 
digital meters, bridges, oscil'oscopes. signal generators, 
‘counters, Umers and frequency massurement. The practi- 
cal usas of the instruments are also examined. 

Everything irem Oscillators, through R, C & L maasure- 
ments [and much more) to Waveform Genzretors and 


testing Zeners. 
206 pages £8.95 


GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold e = 
This book is primarily aimed at inners amd (oss: of 
limited experience electronics. pte: 1 covers the 
basics of analogue and digital multimeters, discussing the 
felative merits and the limitations of the two types. in 
Chapter 2 various methods of component checking are 
described, including tests fo: transistors, thytistcrs, resis- 
tors. capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such ss voltage, current and ep, 
tinuity checks being discussed 

in tha main fits or no vious kno-tedge or &x- 
perience is assumed. Using 2 simpla component and 
Grat testing techniques the reader should be able to 
confidently tackle servicing of most electronic projects. d 
95 pages Order code BEZ £2.95 
NEVINES ELECTRONICS TOOLKIT- SECOND EDITION 
Geoff Phillips 
The author has used his 30 ysars experience in industry to 
draw together the bas information that is constantly 
damanded. Facts, formutae, data and charts are presented 
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Testing, Theory, Data and Reference 


to help the engineer when designing, developing, evaluat- 
ing, fault finding and repairing electronic circuits. The 
result is this handy workmate volume: a memory aid, 
‘tutor and reference source which is recommended to all 
etectronics snginzsrs, students and technicians. 

Have you ever wished for a concise and compraban- 
siva guide to etectronics concepts and rules of thumb? 
Have you ever been unsbie to source a component, or 
choose between nyo alternatives for a particular applica- 
tion? How much time do you spend searching for basic 
facts or manufacturers specifications? This bock is the 
answat, it covers resistors, capacitors, inductors, semicon- 
ductors, logic circuits, EMC, audio, electronics end music, 
telephones, electronics in lighting, thermal considerations, 
Connections. reference dats, U 

£12.99 


158 pages Order code NEZO 


PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 

Robin Pain : 

This is noi a book of theory. R is 3 book of practical 
tips, hints, end rules of thumb, a!l of which will equip the 
reader ta tackle my. job, You may be an engineer cr tech- 
nician in search of information and guidance, a collage 
student, a hoboytst building e rom a magazine, or 
simply a keen des ael amateur who Es interested in 
electronic Gut finding but finds books on the subject too 
mathematica! or specialized, 

The book covers: Basics — Voltage, current and resis- 
tance; Capacitance, inductance and impedance; Diodes 
and transistors; Op-amps and negative feedback; Fault 
finding — Analogue fauh finding. Digital fault finding: 


Mamory, Binary and hexadacimat; Addressing; Discrete 
logic; Fury ood action; VO control: CRT control; 
Dynamic ; Fault fraing digita! systems; Dua) trace 
‘oscilloscope; IC replacement 

274 pages [Order code NEz2 


AN INTRODUCTION T8 LIGHT IN ELECTRONICS 
F. A. Wilson 

This book is not fox the expert but naither is it for 
the completely uninitiated. it is essumed the reader has 
some basic knowledge of electronics. After dealing with 
subjects lite Fundamentals, Waves and Particles and Tne 
Nature of Light such things zs Emitters, Detectors and 
Displays are discussed. Chapter 7 details four differant 
types cf Lasers before concluding with a chspter on Fibre 


Optics. y 
Order code BP359 £4.55 


161 pages 

UNDERSTANDING DIGITAL TECHNOLOGY 

EA Wilson C.G.LA, C.Eng., FLE E, EL Mgt. 

This book examines what digits! technology has to offer 
and then considers its arithmetic and hove it can be ar- 
ranged for making decisions in so many processes. It then 
fooks st the part digitel has to pay in the ever expardding 
Information Technology, especially in modem transmis- 
sion systems and television. It avoids getting despty it- 
volved in mathematics. 

Various chapters cover; Digital Arithmetic, Electronic 
Logie, Conversions between Analogue and Digitel Struc- 
tures, Trarisfiss'on Systems. Several Appendices explain 
soma of the concepts more fully and a glossary of terms 


is included. 
DASS 


£18.59 


153 pages 


Project Building 


"ELECTRONIC PROJECT BUILDING FOR BEGINNERS 

R. A. Pantold 

This book is for complete beginners to electronic project 
building. tt provides a complete introduction to the precti- 
tal side of this fascinating hobby, inchiding: 

Component identification, and buying the right parts: 
resistor colour codes, capacitor value markings, etc; 
advice on buying the right togis fcr the job; soldering; 
‘making easy work of the hard wiring; constuction 
methods, including stipboard, custom printed circuit 
boards, plain matrix boards, surface mount boards snd 
wire-wrapping: finishing off, end adding panel lebels; 
getting “problem” projects to work, including simpia 
methods of fault finding 

In fact everything you need to know in Order to gst 
started in this absorbing and creative hobby. 

135 pages Order code BP392 £4.95 


35 SIMPLE ELECTRONIC TERMINAL BLOCK 

PROJECTS 

RR. Bebbington y A 

Contains 45 easy-to-build electronic projects that-can-be 
constructed, by an sbsofute inner, cn termina! blocks 
using only a screwdriver and other simp!e hand tools, No 
soldering is needed. 


(mail order only). 


old lists. 
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BOOK ORDERING DETAILS 


Our postage price is the same no matter how many books you order, just add £1.50 to 
your total order for postage and packing {overseas readers add £3 for countries in the 
EEC, or add £6 for all countries outside the EEC, surface mail postage} and send a PO, 
cheque, international money order (£ sterling only) made payable to Direct Book Serv- 
ice or credit card detalls, Visa or Mastercard — minimum credit card order is £5 — to: 
DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW 


Books are normally sent within seven days of receipt of order but please allow a 
maximum of 28 days for delivery — more for overseas orders. Please check price and 
availability (see latest issue of Everyday Practical Electronics/ETI) before ordering from 


For a fürther selection of books see the next two-issues of EPE/ETI. 


DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Te! 01202 881749 
Fax 01202 841692. Due to the cost wa cannot reply to overseas orders or queries by Fax. 
E-mail:dbs@epemag.wimborne.co.uk 
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BOOK.ORDER FORM 


Sha cena CU as mens (Hye qug E 


Most of the projects can be simply screwed together, 
by following the layout diagrams, in a matter of minutes 
and readity unscrewed if desired to make new circuits. 
A theoretical circuit diagram is aiso included with each 
project ta help broaden the constructors knowladge 

38 profects included in this book cover a wide range 
01 interests under the chapter headings: Connections and 
Components, Sound and Music, Enterizinment. Security 
Dances, Communication, Test and Measuring. a 
183 cages Order ood: BP378 £4.55 


30 SIMPLE IC TERMINAL BLOCK PROJECTS 
R. Bebbington 
Follow on from 87375 using ICs. 


117 pages £198 


HOW TO DESIGN AND MAKE YOUR OWN P.C &.S 

A. A. Penfold 

Dea!s with the simpe methods of copying printed eir- 
cuit baard designs from magazines and books and covers 
all espects of simple p.c.b. construction including photo- 
graphic methods and designing your own pchs ` 

£2 pages Order code BP121 €3.99 


t 

l.. aait t 
Va l 
| Sin UE. eee oe Pe ree SERRE dg i 
ICT !enclose cheque/PO payable t WIMBORNE PUBLISHING LTD fof E. È 
CH Please charge my Visa/Mastercard E. Card expiry date ... | 


| Card Number 23:5 rectc aont 
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l Please send. bGOk Order codé&s?,...iueesceei iecit deeem dee been 


Fiease 


ET TTT j 


DTD 


inue cn Separate sheet o! panes It necessary Kb 3l 
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VIDEOS ON 
ELECTRONICS 


A range of videos selected by EPE and designed to provide 
instruction on electronics theory Each video gives a sound 
introduction and grounding in a specialised area of the 
subject. The tapes make learning both easier and more 
enjoyable than pure textbook or magazine study They have 
proved particularly useful in schools, colleges, training 
departments and electronics clubs os well as to general 
hobbyists and those following distance learning courses etc. 


BASICS e 
VI201 to VT206 is a basic electronics 
'course and is designed to be used as a 
complete serles, if required. 


VT201 34 minutes. Part One; D.C. Circuits. This 
video is an absolute must for the. beginner. 
Series circuits, parallel circuits, Ohms law, 
how to use the digital multimeter and much 
more. Order Code VT201 
VT202 62 minutes. Part Two; AC. Circuits. This 
is your next step In understanding the basics of 
electronics. You will learn about how coils. 
transformers, capacitors, etc are used in com- 
mon circults. Order Code VT202 
VT203 57 minutes. Part Three: Semiconductors. 
Gives you an exciting look into the world 
of semiconductors. With basic semiconduc- 
tor theory. Plus 15 different semiconductor 
devices explained. Order Code VT203 
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VT204 56 minutes. Pari Four; Power Supplies. 
Guides you step-by-step through different sec- 
tions of a power supply. | Order Code VT204 
V1205 57 minutes. Part Five; Amplifiers. Shows 
you how amplifiers work as you have never 
seen them before. Class A, class B, class C. 
op.amps. etc. Order Code V1205 


VT206 54 minutes. Part Six; Oscillators. Oscil- 
lators are found Ia both linear and digita! cir- 
cuits. Gives a good basic background in oscil- 
Order Code VT206 


lator circuits. 


inc. VAT & postage 


Order 8 or more get one extra FREE / 
Order 16 get two extra FREE 7 


ORDERING: Price includes postage to anywhere in the world. 
OVERSEAS ORDERS: We use the VAT portiori of the price to pay for 
airmail postage and packing, wherever you live in the world. Just send 

£34.95 per tape: All payments in £ sterling only (send cheque or money 

y order drawn on a UK bank). i 

Visa and Mastercard orders accepted — please give card number, card expiry date and 
cardholder's address lí different from the delivery address. 

Orders are normally sent within seven days but please allow a maximum of-28 days — 

longer for overseas orders. 
Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, 
Dorset BH21 1RW (Mail Order Only) 
Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE 
Tel: 01202 881749. Fax: 01202 841692 


Düe to the cost we cannot reply to overseas orders or queries by Fax. 


E-mail: editorial epemag.wimborne.co.uk 
| = si 


VCR MAINTENANCE 


VT102 84 minutes: Introduction to VCR 
Repair. Warning. not for the beginner. 
Through the use of block diagrams this 
video will take you thraugh the various 
circuits, found in the NTSC VHS system. 
You will follow the signal from the input 
to the audio'video heads then from the 
heads back to the output. 

Order Code VT102 
VT103 35 minutes: A step-by-step easy to 
'follaw procedure for professionaily clean- 
ing the tape path and replacing manv of 
the belts in most VHS VCR's. The viewer 
will also become familiar with the various 
parts found in the tape path. 

Order Code VT103 


DIGITAL 
Now for the digital series of six videos. 
This series is designed to provide a 
good grounding in digital and computer 
technology. 


VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven 
of the most common gates which are used 
in almost every digital circuit. plus Binary 
notation. Order Code V1301 
VT302 55 minutes. Digital Two; Flip Flops will 
further enhance your knowledge of digi- 
tal basics. You will learn about Octal 
and Hexadecimal notation groups, flip-flops, 
counters, etc. Order Code VT302 
VT303 54 minutes. Digital Three; Registers and 
Displays is your next step in obtaining a solid 
understanding of the basic circuits found in 
today's digital designs. Gets Into multiplexers, 
registers, display devices, etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; DAC and ADC 
shows you how the computer Is able to com- 
municate with the real world. You will leam 
about digital-to-analogue and analogue-to-digi- 
tal converter circuits. Order Cade VT304 
VT305 56 minutes. Digital Five; Memory Devices 
introduces you to the technology used in many 
of today's memory devices. You will learn ali 
about ROM devices and then proceed into 
PROM, EPROM, EEPROM, SRAM, DRAM, and 
MBM devices. Order Code VI305 
VT306 56 minutes. Digital Six; The CPU gives 
you a thorough understanding in the basics of 
the central processing unit and the input/output 
circuits used to make the system work. J 

Order Code VT306 
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RADIO 
VT401 61 minutes. A.M. Radio Theory. The most 
complete video ever produced on ams radio. 
Begins with the basics of a.m. transmission and 
proceeds to the five major stages of a.m. recep- 
tion. Learn how the signal is detected, converted 
and reproduced. Also covers the Motorola C- 
QUAM a.m. stereo system. Order Code VTA401 
VT402 58 minutes. F.M. Radio Part 1. F.M. basics 
including the functional blocks of a receiver. 
Plus rt amplifier, mixer oscillator, i.f. amplifier, 
limiter and f.m. decoder stages of a typical f.m. 
receiver, Order Code VT402 


VT403 58 minutes. EM. Radio Part 2. A con- 
tinuation of f.m. technology from Part 1. 
Begins with the detector stage output, proceeds 


to the 19kHz amplifier, frequency doubler, 


stereo demultiplexer and audio amplifier stages. 
Also covers RDS digital data encoding and 
decoding. Order Code VI403 


MISCELLANEOUS 


'"VT501 58 minutes. Fibre Optics. From the fun- 


damentals of fibre optic technology through 
cable manufacture to connectors, transmitters 
and receivers. Order Code VT501 
VT502 57 minutes. Laser Technology A basic în- 
troduction covering some of the common uses of 
laser devices, plus the operation of the Huby 
Rod laser, HeNe laser, CO2 gas laser and semi- 
conductor laser devices. Also covers the basics 
of CD and bar code scanning. 

Order Code VT502 


Each video uses a mixture of animated 
current flow in circuits plus text, plus 
cartoon instruction ete., and a very full 
commentary to get the points across, The 
tapes are imported by us and originate 
from VCR Educational Products Co, an 
American supplier. (All videos are to the 
UK PAL standard on VHS tapes} 
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SURFING THE INTERNET 


NET WORK 


ALAN WINSTANLEY 


IET WORK is our monthly column written for Internet users. 

Our web site continues to attract plenty of interest from the 
surfing community all around the world — don't forget that our web 
site at wwW.epemag.wimborne.co.uk enables you to take out or 
renew a subscription to the printed magazine, paying by VISA or 
Mastercard using a secure on-line-order form. You can also buy 
Back Issues of both EPE and ETT. as well as purchase printed cir- 
cuit boards, using the simple secure on-line form. On-line versions 
of the constructional project indexes for 1996-1998 are available. 
and also we publish the "Please Take Note" updates and corrections 
related to those years, on the same Index pages. 

If you're looking for PIC source codes for our constructional pro- 
jects then our FTP site is accessible by following the “Download” 
link from the EPE Home Page, or you can type the following in its 
entirely into your browser: fip://ftp.epemag.wimborne.co.uk. 
Then double click on the “/pub” link (publicly accessible area) to 
open up a selection of folders, including access to the PICS source 
code directory. Surprisingly. many users still attempt to find the 
"Ipub/PICS" directory by browsing our web site instead! The 
entire URL of the FTP site must be entered. If you have any Views, 
comments or suggestions related to our Internet preserice, please E- 
mail to webmaster. 


MELISSA’S MAYHEM 


Last month, Ner Work highlighted some of the penls posed to 
users by Internet virii, Trojan Horses and "worms". At the end of 
March 1999, and with immaculate timing, the entire world awoke 
to à new threat posed by a virus which was eventually christened 
Melissa by Symantec, who produce the Norton Anti Virus software 
mentioned last month. Credit is ceriainly due to Symantec for effi- 
ciently distributing the latest anti-virus software upgrades swiftly 
and efficiently. Their “Smart Update" modem lines were busy on 
Monday 5th April when everyone — including the writer — sought to 
‘download the latest upgrade to make their software Melissa-proof. 

Some IT managers actually welcomed the fact that such a virus 
had captured peoples’ imagination and received wide press cover- 
age, because it managed to focus the minds of managers on the 
threats posed by such electronic attacks: as if Y2K problems aren't 
enough, budgets to counter virus-attacks are being strengthened in 
light of the Melissa virus. 

This particular virus arrives in the form of an attached Word file 
called List.doc. The subject header is along the lines of "Important 
message from x". Because "x" will be a familiar name, the message 
appears to be genuine. As explained in last month's article, opening 
and reading an "infected" E-mail message will not in itself cause 
any harm. However, running an attachment — which includes open- 
ing a word processor or a spreadsheet program to read an attached 
file — may introduce a virus onto the host system. 

Melissa is actually a Microsoft Word 97 macro virus which uses 
the Microsoft Outlook address book to circulate copies of itself to 
other Internet users. In Word 97, a macro virus protection checkbox 
is available in Tools/Options/General/Macro which might give a 
warning that a macro might be infected but this can’t be relied on to 
provide protection against the likes of Melissa. 

Microsoft says that Office 2000 will introduce digital signatures 
to help users distinguish a genuine code from damaging code, 
adding that if you open an Office document and see a digital signa- 
ture against a macro warning, then you can feel more confident 
thatthe pany which has "signed" the macros also originated them. 
A White Paper on this subject is available from 
officeupdate.microsoft.com. 

For most users the golden rule continue to be: ensure that your 
software set-up does not run attached executables or documents 
automatically — only do this manually after vou have assessed the 
genuineness of the files. 
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COOL TALK 


There is a saying that the Internet was cool until everyone dis- 
covered it. Well, many thousands of enthusiastic users enjoy simul- 
taneous on-line "Chat" in rooms hosted by Excite 
(www.excite.com). Excite offers éach user a free web-based E-mail 
address with a 3MB mailbox. and they can also personalise a start- 
up web page to contain anything from share prices to horoscopes, 
news and more. Registered users can also participate in Excite's 
Virtual Places (VP) chat communities after downloading Windows, 
Mac or Java-based software. Check out Excite Chat at 
www.excite.com/info to sign on. * 

After registering a name (it is not a bad idea to adopt an off-beat 
pseudonym) you can join a forum to experience real-time Internet 
Chat. Forums are centred on age, interest or locality. Each user 
identity is masked behind an "av" (avatar) graphic svmbol, and a 
wide variety of ready-made avatars are available off the net. or vou 
can make your own from a scanned photo. There are plenty of 
resources available at www.excite.com/guide/people and 
—chat/chat, rooms/virtual, places. 

Users can send instant messages or "IM" to each other. as well as 


assembling into "tours". with the entourage of avatars dropping in 


on a chosen web page. In fact. Virtual Places uses its own form of 
web browser with every user represented on-screen by their avatar. 
Typed messages appear in the chat window, and also in a speech 
‘bubble next to the corresponding avatar. Thus, avatars can be seen 
to be "talking" to each other. You can right-click on others’ avatars 
to learn a little about their owners. and vou should ensure that your 
own avatars, preferences and details are set so that you don't give 
too much away! Definitely do not reveal any private details, regular 
E-mail addresses or phone numbers in your own identity informa- 
tion, and you may wish to disable the "Accept IM" options to avoid 
unwarranted messages. 

To stan with. it is best to check in to a room as an Observer just 
to see what's happening. It must be said that to a mature outsider, à 
lot of the Virtual Places banter wili seem pretty bizarre or mediocre 
1o say the least. Other forums are quite aggressive and anarchic, but 
Excite Chat seems to be enjoycd by many users who clearly find the 
on-line experience rewarding. If nothing else, it offers the’ Internet 
user a window on the world. 

_ You will need to be very broad-minded to enter some of the 
Éxcite chat forums, and these areas are clearly identified before- 
hand. Internet chat has a slang all of its own, but all you need to 
know to get started is: K — O.K.: BRB — be right back; LOL — laugh 
out loud: lastly LMAO is shorthand for "laughing my ass off and 
is used ad nauseum. This probably gives you a clue as to the type 
of content that commonly prevails. 

One final word of warning. The use of a real-time chat link opens 
your system to attack by a tiny minority of malevolent users who 
May try tọ bounce you out of Excite Chat by sending ICMP 
(Internet Control Message Protocol) data aimed at your IP address. 
Put simply. this fools your Internet connection into thinking that 
your server has been disconnected. The ultimate defence fs to use 
a PC Intemet firewall, such as that at Signal 9 Solutions 
(www.signal9.com) which is worth browsing. 


UPDATES 


Finally this month, a couple of upgrade alerts: Adobe Acrobat 
3.0 has been released (www.adobe.com) — it’s a 5MB download 
and vou should deinstall previous versions ürst. Microsoft Internet: 
Explorer 5.0 is now available and should be on cover disks when 
you read this, or check the MS web site. 

The on-line version of Ner Work contains. plenty of URLs which 
I have selected as being of interest. 1 welcome your suggestions by 
E-mail to alan@epemag.demon.co.uk. 
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PROJECT TITLE 
XPIC16x84 Toolkit | 196 
*Greenhouse Computer 
: Contro! Board 197 
PSU Board . 198 
Printed circuit boards for ceriain EPE construcional projects are available from the 
PCB Service. see ‘list. These are iabricated in glass fibre, and are fully drilled and 
roler tinned. AH prices include VAT and postage end packing. Add £1 per board 
for amall outside of Euroce. Remittances shoud ce sent to The PCB Service, * Greenhouse Radio Link 
Everyday Practical Electronics, Alten House, East Borough, Wimborne, Dorset *PIC Altimeter 
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to Voice Processor 
orders or queries by Fax); E-mall: orders@epemag.wimbome.co.uk . Cheques x Digisery R'C Expander 
should be crossed and made payable to Everyday Practica! Electronics (Payment IR Remote Contra! 
In € sterling only). Transmitter 
NOTE: While 95% of our boards are held In stock and are dispatched within Receiver 
seven days of recelpl of order, please allow a maximum of 28 days for *PIC Tape Meastire 
delivery — overseas readers allow extra il ordered by surface mail. Electronic Thermostat 
Back numbers or photostats of articles are available if required — see the T-Stal 
Back Issues page for details. PhizzyB ) 
Please check price and availability in the latest issue. A-PCB B-CD-ROM  C-Prog.:Microcontio!ler 
Boards can only be supplied on a payment with order basis. 15-Way IR Remote Control 
Switch Matrix 
15-Way Rec/Decoder 
Damp Stat 


Personal Stereo Ampifier 
(Multi-projact PCB) 


Bee (ABC) 
211 


PROJECT TITLE 


* Earth Resistivay Meter Ji 
Current Gen. — Amp Rect. 
Theremin MIDUCV Intarface (double-sided pih} 
Mains Failure Warning 
iC Waves 
PsiCom Experimental Controller 
Qi Chess Hemindet 
Viteo Negative Viewer 
Tri-Cotour NiCad Checker 
Dusl-Output TENS Unif (pius Free TENS into.) 


oras — Wheele Mater APRIL'97 


SEI 
Ae Remote Conte! ~ Transmitter 
= Receiver 
Puppy Puddle Probe 
MIDI Matrix — PSU 
Interface 
Quasi-Bell Door Alert 
2M F.M. Receiver 
* PIC-A-Tunar 
Windov: Closer — Tigges 


Minder Protection Zone 
— Transmitter 
_ — Receiver 
Pyrotechnic Cantroiler 
x PIC Digilogue Clock 
Narrow Range Thermometer 
Micranawer PTR Detector 3 
Infra-Red Remote Control Repeater 
(Mult-project P.C.B.) ` 
Karaoke Echo Unit — Echo Beard 
— Mixer Board 
Computer Dual User Interface 
*PEsT Scarer 


MATS 


Handheld Functien Generator 

*Fading Christmas Lights 
PhizzyB VO Board (4-section) 

Twinkle Twinkle Reacban Game 

*EPE Mind PiCkier 

PhizzyB VO Board (4-section) 

Altemative Courtesy Light Controller 


ight Alarm 
* Wireless Monitoring System — Transmitter 
Receiver 
* PIC MIDI Sustain Peda! Soliware only 


*Wireiess Montonng System MAR ag 

F.M. Trans/Rec Adaptors 21922204 
*Time end Date Generator 221 
Auto Cupboard Light 222 


Smoke Absorter 223 
ironing Board Saver 

Voice Record/Playbeck Module 
Mechanical Radio (pair) 
*Vetsalile Event Counler 


cC d 
A.M.F.M. Radio Remote Contro! 
Transmitter 
Receiver 


Software programs for £PE projects marked with an asterisk * are available on 
3.5 inch PC-compatible disks or free trom our internet site. Four disks are 
available: PIC Tutorial (Mar-May Sp Issues); PIC Toolkit Mk2 (May-June ‘99 


issues); PIC Disk 1 (all other software Apr 'S85-Dec ‘93 issues); EPE Disk 2 (Jan 
G9 issue to current cover date). The disks are obtainable from the EPE PCB 
Service at £2.75 each (UK) io cover our admin costs (the software itself ts ies). 
Overseas (each); £3.35 surface mail. £4.35 each airmail. All files can be down- 
osded free from ow Intemsi FTP site: ftpz//ftp.epemag.wimborne.co.uk. 


Universal Input Ampiitie. 
Micropower PIA Detector — 2 Controller 
&PIC-OLO - 
Active Receiving Antenna 
Soldering iron Controller 
*PIC Noughts & Crosses Game 
Micropower PIR Detector — 3 

Alarm Disamn/Reset Switch 
ironing Safety Douce 
Remote Conirol Finder 
Rechargeable Handiamp 
*PIC Water Descaler 
*EPE Time Machine 
Auto-Dim Bedlight 
Portable 12V PSU'Charger 

ser 

Safe and Sound (Security Bleepe:) 
Suriace Thermometer 
Disco Lights Flasher ^d 
Waa | (Mult-projects ) 
*Virtual Scope — Digital Board 

Anzlogue Board (per board) 
*Water Wizard 
Kissomater 


x*EPE PIC Tutorial 
The Handy Thing [Doubie-Sided) 
Lighting-Up Reminder 
* Audio System Remote Controller - PSU 
Main Board 


S EM as Ww» mm mm mS I WE Pm MM 


EPE PRINTED CIRCUIT 
BOARD SERVICE 


Order Code Project Quantity Price 


Naro KH ET aces «oh sich phi ti erat E 
AOGIGSS vr. E tsk cto Ee cunis cae neo d: tee E See e 


TTT DEET TEE TTT 


Aen, vm wie e" véi vm mt ef Viet pn. em pe Vë mn pg 


I enclose payment of E. {cheque PO in € sterling only) to: 


Everyday 
Practical Electronics 


Access (MasterCard) or Visa No. 
Minimum order for credit cards £5 


E 
; 
8 


| 


imple 

(Muiti-project PCB) 
Single or Dua!-Tracking Power Supply 
*RC-Mater 


Secunty A Í 
Stereo Tone Contra! plus 20W Stereo Ampliner 
Tone Control 
20W Amplifier 
x Dice Lott 
EPE Mcod Chang 
*AT88C2051/1051 Programmer 
Main Board 
Test Board 
& Reaction Timer. 


Signature.. A setenv ard Exp. Date: 2... 


Pigase supply name and address af cardholder il diferent from tha address shown 


"t gee AA eee e ar m 


4 NOTE: You can order p.c.b.s via our Internet site on a secure server: | 
http:/www.epemag.wimborne.co.uk 
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[EVERYDAY | CLASSIFIED 


[ PRACTICAL] | | 
ELECTRONICS 


Everyday Practical Electronics/ET! reaches twice 
as many UK readers as any other independent 
monthly hobby electronics magazine, our audited 
sales figures prove it. We have been the leading 
independent monthly magazine in this market for 
the last fourteen years. 


> 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 (+ VAT) per single column centimetre {minimum 2-5cm). 


The prepaid rate for classified adverts is 30p (+ VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electrónics; VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics/ETl Advertisements, Mill Lodge, Mill Lane; Thorpe-le-Soken, Essex 


CO16 OED. Phone/Fax (01255) 861161. 


For rates and information on display and.classified advertising please contact our Advertisement: Matiager, Péter Mew as above. 


RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
Up to 20 vols dc. at 1 amp contirous, 15 amps peak, 
fufy variabis trom 1 15 20 volts. Twin 
toc easy read: 


— 
Zi Post £4 
‘HA. 240 vot a c. 


input. Fisy smeothed, size 23emxt4eradicm. 


CCTV Board Cameras 
Only £19.95 ea inc VAT. 
P&P £2.75 
38mm x 32mm, auto iris, low lux B&W 


CCIR with 6 IR LED's Requires 12V DC 
connect to SCART Plug or Modulator 


Zum. 337 WHITEHORSE ROAD, CROYDON CEEE 
SD SURREY, CRO ZHS. Tel: 181-624 1665 maid 


Vets of sanction, bigh vole capu. valves, tpt bacekenen, get e ito. 
Face te pend year warty lat Ec quote: 


4 88-108MHz FM transmitters from under £5 Call 0113:250 3603 quoting V4000 


4 Many educational and hobby electronic 
kits covering ail technical abilities. from 
beginners’ circuits to MCU/MPU designs 

A Low cost PCB services. and equipment 

¢ Send 4xist class stamps lor catalogue 


DTE MICROSYSTEMS, 112 SHOBNALL ROAD, 
BURTON -ON-TRENT.STAFFS'DE14 288 
‘PHONE or FAX: 01283 542229 

M http: www. biinteme!.com!-diemicrosysiems 


Major Credit Cards accepted ` 
Phoenix SP, Unit 128 Leeds Bradford Aiport Ind Est 
Harrogate Road, Yeodon, Leeds LS19 7WP 


hey) ASTRA Desk Top Accounting" 

ZC: Are you worried that your 
customers will insist on using the 
Euro and so lesve you off their list 


of suppliers? 


; i for a Pan-European 
solution to help you with this looming problem 
SÅS Systems Ltd., Bretton Court, $26 apz UK 


BRAND NEW SINCLAIR SPECTAUM 
QL PARTS 
ZX W:CROORIVES £15, INTERFACE ONE £20. 
"CARTRIDGES 10 FOR £15, 50 FOR E30. 
_ GL BOARDS 5, 6 £7, POPULATED WITH 
JS ROMS, £30; UNPOPULATED, £12: LECROCANES 
£10 EACH. TOP & BOTTOM CASES £15, 
MEMBRANES £15 
THE P.C., MAC and Ql's “Little Friend” 
MAC LINK £10 - P.C. LINK £25 - OL LINK £12 
CAMBRIDGE Z88 A4 NOTEBOOK 
VAILA: 


120K AND 812K:..Oz4 


G.C.S.E. ELECTRONIC KITS, at pocket 
money prices. S.A.E. for FREE catalogue. 
SIR-KTI Electronics, 52 Sevem Road, Clacton, 
COt5 3RB. 

VALVE ENTHUSIASTS: Capacitors and 
other parts in stock. For free advice/lists please 
ring, Geoff Davies (Radio). Tel. 01788 374774, 


NOW AVAILAGLE WITH 


| ONLY 1° THICK, 4xAA BATTS. 20 HOURS WORK. 
LCD SCREEN, 72 Crs, G LINES, 32K RAM, EXTRA 
RAMS & EPHOMS, 9 pin D SERIAL FORT, ROM HAS 
ESC BASIC, V//PTIOCESSOR, SPREADSHEET, DATA 
BASE. IMF/EXPORT TO PC etc, V52 TERMINAL. 
W.N. RICHARDSON & CO. 
PHONE/FAX 01:84 871319 
6 RAVENSMEAD. CHALFONT ST PETER, 
BUCKS, SL9 ONB. 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 
GNVQ ADVANCED ENGINEERING 

(ELECTRONIC) — PART-TIME 
HND ELECTRONICS — FULL-TIME 
B.Eng FOUNDATION ~ FULL-TIME 


PIC-project source code files: jpub/PICS 


EPE text files: jpub/docs 


EPE NET ADDRESSES 


EPE FTP site: ftp://ftp.epemag.wimborne.co.uk 
Access the FTP site by typing the above Into your web browser, or by setting up-an FTP 
session using appropriate FTP software, then go into quoted sub-directories: 


PIC projects each have their own folder; navigate to the correct folder and open it, then 
fetch all the files contained within, Do not try to download the folder itself 


Next course commences Basic Soldering Guide: solder.txt 
Monday 13th September 1999 EPE TENS Unit user advice: tens.doc and tens.txt 
FULL PROSPECTUS FROM Ingenuity Unlimited submission guidance: ing, unit.txt 


Miscellaneous 
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PRINTED CIRCUIT BOARDS - QUICK 
SERVICE. Prototype and Production. Artwork 
raised from magazines or drait designs at low 
cast. PCBs also designed from schematics. 
Production assembly also undertaken. For 
details send to P. Agar, Unit 5, Fast Belfast 
Enterprise Park. 308 Albertbridge Road. Belfast) 
BIS 4GX. or phone/fax 01232 738897. 


PROTOTYPE PRINTED CIRCUIT 
BOARDS one offs and quantities, for details 
send s.3.6. te B. M. Ansbro, 38 Poynings 
Drive, Hove, Sussex BN3 SCH. or phone 
Brighton 883871, fax 01273 706670. 


NEW AND USED COMPUTERS, spares, 
etc. at keenest prices. e.g: 386 min 2MB 
RAM. 20MB HDD, desktop case, keyboard 
and cables, (äm. VGA mono monitor, £55. 
486 DX33 min. 8MB RAM. 120MB HDD, 
desk top case, keyboard and cables, [4in. VGA 
colour monitor, £165. Many other systems 
available. Whatever vou need, Phone/Fax 0181 
853 3374 for prices. 


FREE CATALOGUE: Moreton -Alarm 
Supplies/CCTV 2000, unbeatable prices! Board 
cameras from £29 00. Telephone 0151 630 0000, 


PIC PROTOTYPING KIT. Eurocard size. 
On-board RS232, voltage regulation and protec- 
tion, in-circuit programming. Large prototyping 
area, Kit includes serial and programming 
cables. For details send an AS sae. to: 
Frank Cembrola, 93/B St. Johns Road, Bid- 
dulph, Staffs, ST8 6LL, UK. hitp:/fAwww.a-iu- 
net.com/main.htm. Tel. 01782 518356. 


LONDON ELECTRONICS.COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5i9SU 
TEL: 0171-373 8721 


THE BRITISH AMATEUR 
ELECTRONICS CLUB 


exists to help electronics enthusiasts by personal 
contact and through a quaderty Newsletter. 
For membership details, write to the Secretary: 
Nr, M, P, Moses, 5 Park View, Cwmaman, 
Aberdare CF44 6PP 


‘Space donated by Everyday Practical Electronics 
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New readers and subscribers info: epe_Info.txt 
Newsgroups or Usenet users advice: usenet.txt 
Ni-Cad discussion: nicadfaq.zlp and nicad2.zip 
UK Sources FAQ: uksource.zip 

Writing for EPE advice: writedus.txt 


Ensure you set your FTP 
software to ASCII transfer. 
when fetching text files, or 
they may be unreadable. 


Note that any file which ends 
in .zip needs unzipping before 
use. Unzip utilities can be 
downloaded from : 
httipz//www.winzlp.com or 
httpz/wvw.pkware.com 


On-line readers! Try the new EPE Chat Zone 
- a virtually real-time Internet “discussion 
board" in a simple to use web-based forum! 
http:/Avww.epemag.wimborne.co.uk/wwwboard 
Or buy EPE Online: wwvw.epemag.com 
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Now you can get Ihe Sidi and OË e you need for 


Ser sucess wan an VS Home Study Course, Leamin 


prospects. Find ost how we can heip YOU. Pest oc phos: 
Eday for FREE INFORMATION cn the course of your 


Cr write to: Itemational Correspc: cis, FF 
qoM Wd p Kä 9500 531 55 S57 Tita (gang? 


Please Send me my Free a Information on n your ur Electronics Courses. 
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Fro Goa io tra _ ex pact cher Ort sy tene "SET © ants S yor SAM 
Ve EE Ee rote | == 
mmm mmm en mm es ee ee es ee ee Gm 


| Professional 88-108MHz FM Broadcasting K Kits | 


DetsHod Instructions with Schematics 
High Quality Screen Printed PCBs 


High Quatity Components 

| ee 3 from E HE 
FM Stereo Coders 
Audio Compressor Limiters 
Antennas 
RF Power Amps. 


cu Anc 


— 


| WE TELIVER WOOL WATE AEJ : 
cn MA 208 CREDIY CARS 


TW Protege PLL Fit D ronmentter for Licerced Der in the UL 
‘Visit our Website at http://www.veronica.co.uk 


Tel oH 883434 Fax Qs 428665 


| emai info@veronica.co.uk , 
Unit $3 15 Sandsedu Abert R4 Overnabuty BRADFORD BONS (AA 
pov o ET 


SUPPLIER OF QUALITY USED 
TEST INSTRUMENTS 


Cooke international 
E tar. Foránotridge Ee. 
rxrxx Reon, Wiest santos, POR? (Si 
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DOCES 
UE EEN 
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INTEGRATED CIRCUITS __ 
CMOS £203 12 1 HHAB 29253555 72/737$. Vip 


(Als E12 4RT o 247-19 dor tip, 120 or Se 
CEN I% METAR DM (BEIM 
A 30 Xr 33r. 100 sow ony Ev.95 

Devecproent Pacis feireg, sand SAE by iex 
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WANT MORE? PLEASE SEND SAS FOR PAPIE STREDY, PETTE MORT eee 
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CC I V, BOARD CAMERAS FROM £19.95 


MINIATURE C.C.T.V. CAMERAS FROM TOP ee 
MAKER, IDEAL FOR COVERT SURVEILLANCE OR 
SECURITY. USE IN Ser OFFICES AND PRIVATE 
HOMES. CONNECTS TO ANY TV OR VIDEO IN 
SECONDS - OPTIONAL. CABLE oe AVAILA 
OUR 1993 PRICE FOR THIS CAMERA WAS £3555!) 
HUGE RECESSION IN ELECTRONIC INDUSTRY HAS 
SLASHED THESE PRICES TO RIDICULOUS LEVELS) 
THESE ARE USA MADE — NOT CHEAP CHINESE 
MODELS. READY BUILT WITH LENS PN BRAND 
NEW 1999 STOCK — FULL 12 MONTH GUARANTEE. 
WORKS FROM SV-PP3 BATTERY OR OUR CAMERA 
PSU AND CASLE KIT SHOWN BELOW. 


APPLICATIONS: 
SECURITY 
SURVEILLANCE, 
MACHINE MONITORING, 
NANNY WATCHING, 
STAFF THEFT, 
BIRD OBSERVATION, 


ONLY 29mm x 285mm 3 
Audio Mode! add £5.00 
T/3in. image sensor 


m £19.95 | | Jee: pixels. 


LOTS OF 5 £21.50 | | Auto itis. 270 ines. 6V 
LOTS OF 2 £23.95| | 10 12V D.C. 30MA. 
SAMPLE £25.95 | | Incudes 36mm wide 


p R 
Add P&P £3 ANY ORDER angie Bins: 


a ; : ETC: 
VAT INCLUDED Pinhole Lens add E2. BRITISH PAL SYSTEM. 


SECRET SPY CAMERAS 
MICRO SIZE 16mm x 16mm 


JAPANESE CCTV TECHNOLOGY REDUCES THE 
SIZE FCA EASY CONCEALMENT 
PLEASE ADD £2 TO ABOVE 29x 287m PRICES 


NIGHT 
VISION 
CCTV 


HIGH SPECIFICATION 
SHARP JAPANESE CAMERA 
MODULES FITTED WITH SIX 
INFRA-RED LEDs TO SEE IN 

TOTAL DARKNESS UP TO 
12FT. 400 LINE 

_ RESOLUTION VATH 
FANTASTIC 0-2 LUX LEVEL. 

SENT INSIDE CLEAR 
PERSPEX CUBE. 
SAMPLE £364 £3 P&P 
LESS FOR QUANTITY 


Tui Ee E Dongs is fw DC socie Ba ës 
EE acd vies prona pig: sre pigged zs 
yer TV. PER cs VCR 
MAPLINS PRICE £24,99. Ze EE £1 2.50 
NO EXTRA PAP & GROS CALE : 
SMART CAMERA CASINGS 
TO ACCEPT ANY OF OUR 
BOARD CAMERAS £3.50 


, LASER POINTERS f 
Professional model fires a small red 
laser dot over 250 metres. Built 
into luxury executive presentation 
ballpoint pen with case and batis. 
List £39.95 Now £10.00 
Gold-plated Keyiob mode! 
usreosos £9.00 
Add £3 p&p any quantity. 
fOnly soki to schools or tradesmen — no 

“ors under 21) 


¥%in. COLOUR CCD 
CAMERAS 
Japanese Twinboard '4in. CCD and 
DSP (digital signal processor) colour 
CCTV boards with popular 3-6mm 
wide angle lens. High specification 
290,000 pixels, electronic iris, 330 
TV lines and LUX level 2. 12 voit DC. 
Use with our camera PSU and cable 
kit (see.above). 


Tig o NF- p 


VISONIC RADIO TRANSMITTER/ 
RECEIVER SETS 


Comprises smart remote control normally used as a panic button or 
medical alent for the elderly. Causes receiver to open or close a circuit 
thereby triggering a siren, automatic garage door or other device until 
bution is released. Range 35m indoors. 100m outdoors. 9V PPS bati, 
included. DTI approved 1340 licence exempt. MRP £47.85 set. 


SAMPLE SET £15.90 eg, 
Lors 10 £12.90 set. Lors 5 £13.90. Lots 2 £14.90. 


P&P £3 any quantity 


-ALL GOODS ARE BRAND NEW e e ASA. {Est 1979) Order Hotline 


642 850912 


AND PERFECT. BULK BUYERS G E 
01642 823173 


FLEASE ASK FOR JOHN 
PRICES IICLUDE VAT, 


"Da Cube Road 
Serie "A 
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Millions of quality components 
at lowest ever prices! 
Plus anything from bankruptcy — theft recovery 
— frustrated orders — over production etc. 


Send 45p stamped self addressed label or 
envelope for clearance lists. 


Brian J Reed d 
6 Queensmead Avenue, East Ewell 
Epsom, Surrey KT17 3EQ 
Tel: 07775 945386 
Mail order UK only. 


Lists are updated and only 40 are sent out every 2 weeks. This 
normally ensures that orders can be fullilled where only a few 
thousand of an item is available. (Payment is returned if sold out. ! do 
not deal in credit notes). This will sometimes entail a delay af up to 

eight weeks — but the prices will be worth the wait! 


| COVERT VIDEO CAMERAS 


Black and White Pin Hole Board Cameras 
with Audio. Cameras in P.I.R., Radios; 
Clocks, Briefcases etc. Transmitting 
Cameras with Receivers (Wireless). 

Cameras as above with colour. ` ` 
Audio Surveillance Kits and Ready Built 
Units, Bug Detector etc. 


A.L. ELECTRONICS 


Please phone 0181 203 0161 for free catalogue. 
Fax 0181 201 5359 


New DTI approved Video Transmitters and Receivers (Wireless) 


[ N R BARDWELL LTD (EPE) | 
mim p esmga ||| ADVERTISERS INDEX 


EE l 
RM 9 AL ELECTRONICS............ Lans eM "EH ` 
ET ASIA: 521 EE ER es: eeng "-—:. 
N. R. BARDWELL 
BELL COLLEGE OF TECHNOLOGY 
B.K. ELECTRONICS 
BRIAN J. REED 
BULL ELECTRICAL 
CONFIDENTIAL COMMUNICATIONS 
COOKE INTERNATIONAL ......................... EA tee 
: DISPLAY ELECTRONICS 
Phone (0114) 2532 ax (0113] 2500669 EPT EDUCATIONAL SOFTWARE 


mail salastzbardvralis.co.uk 
Web site: htipJ/veww.bardwells.co.uk 


SHERWOOD ELECTRONICS 
FREE COMPONENTS 


Buy 10 x £1 Special Packs and choose another one FREE 


15 x 5mm Red Leds SPISS 20 x (RA diodes 
12 x 5mm Gren Leds 18 x 1N4007 dedas 
EWECH 


Ee 


zm Prone Re TBE 


Son 


MILFORD INSTRUMENTS 
NATIONAL COLLEGE OF TECH 
PICO TECHNOLOGY 

QUASAR ELECTRONICS 
QUICKROUTE SYSTEMS 
RADIO-TECH 

SEETRAX CAE 

SERVICE TRADING CO 
SHERWOOD ELECTRONICS 
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SUMA DESIGNS 
TECHNOLOGY EDUCATION INDEX 
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fuses 
47/53V radal elect. caps: 
BC247 transistes 
BC239 transistors 
Ke 
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A 
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dicc ADVERTISEMENT MANAGER: PETER J..MEW 
: ` E ADVERTISEMENT OFFICES: 
Weg: Maeg E SE EIS TE EVERYDAY PRACTICAL ELECTRONICS, ADVERTISEMENTS, 
me 1999 Catalogue now available £1 MILL LODGE, MILL LANE, THORPE-LE-SOKEN, 

REA poe Set MI inc, P&P or FREE with firl order. ESSEX CO16 OED. 

gex je — 4 cllk T s 
RP] iQeachvake ad 730029 oe P&P fd:25 per order NOVA Panera (01255) 861161 i 
Le i Sherwood Electroriles, ‘For Editorial address and phone numbers see page 403. 
10 each value-total 730 0-5W 6. 7 William*on St, Mansfield, 
1000 poputar values OSW Notts. NG19 6TD. 
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1000'8 
SOLD 
TO PRO 
USERS 


THE RENOWED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 ( 100\ + 100W ) MXF400 (200W + 200W) 
MXF600 (300W -+ 300W) MXF900 (450W = 450} 
ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN 


FEATURES » Independent power suppiies with two tarextal transio;mers e wi LED Vu Malers 
x Lesel czotrots e liyminaredg onfofl switch e Jacki XLR inputs *» SpeaXon outputs e Standara 775mV 
inputs » Open and shost eircuit proct + Latest Mos-Fets toe stress fice power delivery mio virtually any 
toad © High sew rate » Very low disici ion e Aluminiumcases e MXFEC & MXFS63 lancoeied ath D C 
icudspesier End thzrmalpratectica 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 


MXF200 wg Dir Hä" (2U) 
sizes: MXF400 wn Di2" uer (3U) 
ICED  MXF600 wg: D — H5i^ (3U) 

MXF900 wg Di4z^ H54 (3U) 


PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12. 50 EACH 


ECH 
/8ASS X MID /« TOP v, 


CONFIGURED 3 WAY 


FEATURES: 

Adiacced 3-Wzy Stereo Active Cross-Over (switchab' Iwo way] housedon 2 13 à 2) case Eachrchannel 
has treet ievel rotes Bass. Md & top. The removable from Pascia allows access to the sregrammat’s DIL 
Swrithes 12 agms the cross-over frequency. Basz-A^d 125/250/509Hz. Mid-Top 18 its a? at 2508 per 
cttzv& The 2.3 wey selector Switches are giso accessed by femanng the fron tasca, Each slerco channel 
can te configured $eparate»y Bass Invest Switenics ate mcorpersted-on each Channa’ omina! 775m 
emt Fuly eempaug'e with GMP Rack Ar pie: and Modules 


PRICE:- £117.44 + £5.00 P&P 


SBS MID/TOP N, 


2 WAY MID/ TOP COMBINED 


Ae" 8ASSIMID TOP. 


2 WAY BASSIMID Ge 


The new CDJ1700 now offers a tough build quality boasting an all new shockproof 
lransport mechanism, Irama accurate cueing and wide range pitch contra! The 
CDJ1700 looks after tha CO's while the operator looks after the sound. 

FEATURES: 

* 19 XZUAACK MOUNTING *FULLY VARIABLE PITCH CONTROL PLUS/MINUS 16% *PITCHBLEND 3 | 
BEAM LASER PICKUP 01 SIT 8 X OVERSAMPLING DAC «CUE AND LOOP FACILITY *THACK SKIP 


WITH FE REN + D:GITAL AND ANALOGUE OUTPUTS e CON LINUCUSISINGLE TRACK PLAY «CLEAR 


BACKLIT MULTIFUNCTION DISPLAY 20 TRACK PROGRAM! PLAY 
REMAINING AND DISC REMAINING TIME DISPLAYS, ag 
SPECIFIC ATION:- Freqrespense 20Mz-Z0Kt; S/N rabo »80gp THD <009% (MHz) Cnanne! 
w süá2HBa8 


*TRACK ELAPSED, TRACK 


zensratzon »80d45(IKHz| Max culput voltag= _2Vinns Pawer_220-240Wae-50,66Hz Sie 
D 250mm Weights 12Kg 


PRICE:-£225.00 « £5.00 P&P 


* 4 STEREO INPUT 
CHANNELS 

x 2 DJ MIC INPUT 
CHANNELS 

* 2X7 BAND GRAPHIC 
EQUALISERS 


* HEADPHONE ` 
MONITOR WITH PFL 

* ASSIGNABLE 
CROSSFADE 


— — * DIGITAL ECHO 
STEREO DISCO MIXER WITH:- *2X7 GRAPHIC EQUALISERS +2 MONO AUC INPUTS «DJ MIC 
WITH FADER, TALKOVER AND VOICE CHANGER ++ STEREO CHANNELS WITH INDI IRI AL. 


FADERS AND ASSIGNASLE CROSSFADE «CHANNELS SWITCHASLE, TURNTASLE (Me 


CARTRIDGE). CD. LINE. TAPE. ETC. «ECHO WITH BALANCE. REPEAT AND DELAY 
*HEADPHONE MONITOR WITH PREFADE LISTEN *CHOICE OF 6 OU) EFFECTS «STEREO | 
MORO SWITCH *2 X LED VU METERS «MASTER FADER «OUTPUT 


* SIZE - 452X240X 115mm «POWER - 230V AC 50/60Hz.PRICE:- £169. 00+ ES. 00 P&P! 


+ IDEAL FOR USE IN DISCO'5 / RAVES. 

* EDUCATIONAL EXPERIMENTS ETC. 
A top qua'ity mira strobe with high fight intensity for its size and vanabe 
flash rate adjustment. Houses in a silver/black siecl case with adjustable 
mounting brackel e Flash Raie: Adjustable from zero io ten flashes per 
second e Mains Powered complete witn pluggediesd e 230V AC 50/60Hz 
^Sue-1233X8:X52mm — pRICE:- £19.99 + £2.20 P&P 


A new range of quality loudspeakers, designed to take 

advantage of tha latest loudspeaker technology and 

enclosure designs. All madats utilize high quality studio 
cast ;aluminium loudspeakers with factory littod grilles, wida disparsion constant 
directivity horns, extruded aluminium corner protection and steel ball corners, 


‘complimented with heavy duty black covering. The enclosures aro litled as standard 


with top-hats for optional loudspeaker stands. The FC15-300 Incorporates a large 
16 X 6 inch horn. All cabinets ara litted with the latest Speakon connectors 
for your convenience and safety. Five modals to choose from. 


MOINS 


zO04-zoE 


i 
PLEASE NOTE:- POWER RATINGS 
QUOTED ARE IN WATTS A.M.S. FOR 
EACH INDIVIDUA} CABINET. 
ALL ENCLOSURES ARE 8 OHM. 
35-15 inch spaaker 
12-12'inch spaakar 
ibl FC15:300 WATTS Freq Range 35Hz-20KHz, Sens 1DIGB, Size H695 W502 Dsismm 
PRICE:- £299.00 par pair 
ibt FC12-305 WATTS Freq Range 45Hz-20KHz. Sens 96dB, Stro pano W405 0300mm 
PRICE:- £249.00 Bn pair 
ibl FC12-200 WATTS Frea Range 40Hz-20KHz, Sens 97dB, aS H&00 W405 D300mm 
PRICE:- £199.00 per pait 
ibl FC12-300 WATTS Freg Range +4Hz-20KHz, Sens 10008, wee H546 W380 D300mm 
CE:- £179.00 per pair 
Abt VfMZ-200 WATTS Freq Range 40H2-20KHz, Sens ire. Sze H418 Wenn DIGSmm 
RICE:- £125.00 EACH 
SPECIALIST CARRIER DEL:- £12.50 per pair. wadda Monitor £7.00 each 
Optional Metal Stands PRICE:- £49.00 per pair Dallvary:- £6.00 


The new ibi In:Car Audio Bass Box has been 
dasignad with a stoping front 1o reduce intarnal 
standing waves. The bass box incorporates a 
10 inch 4 ohm loudspoaker with a genuine 
100 watts R.M.S. output resulting in powerful and 
accurate bass reproduction. 
FEATURES:- » Cagnat manylacturea from MDF and 
sprayed ina durable black shiny HAMMERITE finish. * 
Fitted with a 10 mch loudspeaker wilh roleg rubber 
edge and coated cone assembly + The top ol ihe 
cabinet incorporates BN E plated connection 
terminals. SPECIFICATI - 100Watts AMS. 200 
Watts Peak (Music) Porled seflex.critigally tuned. 
Siza.- H405 W455 D305mm 
PRICE:- £79.00 + £6.00P&P `, inum 
T D SUPPLIED AEADY 
BUILT AND TESTED 
bese modes now eng à word wide repstaben for qua ty, reali y and performance at a reziste pace. Four 
modes are avasable to Sut the nezós of the profes senal ardhcbiy rarketie industry, Lasur Icstrumental and 
Hefietc then pes NOTE thatalide:s mca tuoda pawe: Supply, D MAINE 
PCS andere crows to poner 2 compabbie Vu meter. AT modes are open and short creut proot 
THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 
OMP/MF 100 Mos-Fel Output power #10 watts 
PIAS. into 4 chms, frequency response THz - 100KHz 
3dB. Damping f actor >300. Siew Rate 45V/uS; THO 
typical 0002%. Input Sensitivity 500mV, SNR. 
VOAB. Size 300 x 123 x 60mm 
PRICE:- £42.85 + £4.00 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
RM S, into 4 ohms, frequency response THz - Y0DKHz 
-3d8. Damping Factor »300. Slaw Rate S0V/uS, T.H. D. 
typical 0.001%. Input Sensitivity 500mV, SNA 1900 
Size 300 x 155 x 100mm. 


PRICE:- £66.35 + ach 00 PAP 


OMP/MF 300 Mos-Fot Output power 300 watts 
RM S. inte 4 ohms, frequency respanse Giz - 100KH2 

-3dB. Damping Facior »300. Stew Rate 60V/uS. THD. 
typical 0.CO1%. Input Sensitivity SDümV. S NR. 1008 
Siga 330 x 175 x 100mm. 


PRICE:- £83.75 + £5.00 P&P 


OMP/MF 450 Mos-Fat Guipul power 450 watts 
RIALS. inta 4 ohms, frequency response H2 - Y00KHz 
-308 Damping Factor »300, Slew Rate 75V/uS 
THD. typical 0.001%, Input Sensitivity S00mV. SH D 
Af0dB, Fan Coc'ec, D.C Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE:- £135.85 «£6.00 PAP 


OMP/MF 1000 Mos-Fat Output power 1090 watts 
AMS into 2 ohms, 725 watts AMS into 4 ohms, 
‘frequency response Di: - :00KHz -3dB, Damping 
Factor >300, Slew Hate 75V/uS, THD. typical 
0.002%, Input Sensitivity 500mV, SNA pop Fan 
Cooled, D.C. Loudspeaker Protection 2 Second 
Anti- Thump Delay. Size 422 x 300 x 125mm. 
PRICE:- £261.00 + £12.00 PAP 
'NDTE: UOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARO - INPUT SENS $029nV. GAND WIDTH tO2XHr. cA 
FEC {PROFESSIONAL EQUIPMENT COMPATISLE) - INPUT SENS! 
775s", BAND WIDTH 50KHz, ` ORDER STANDARD OA PEC 


Electronics, Electrical & 
Mathematics Principles V6 


If you are looking for an easy and enjoyable way of studying or improving 
your knowledge of electronics and maths then this is the software for you. 


SJ Flecuonics; Elecitical a^ Mathematics Principle: VE : z 
DC AC Electcal SemiCond  OpAnp: Math: Dips Mesure Mizo PCS Tcobor inde Hab 
PPIDPANCHITECTUNE PICIGEBA Hack Oro am 


‘F ~ 259.89d9Hz = 67.792: 


| Positive feedback B = iod =29 


67.792’ — — 67 ET 


"ro 55 MEN 
(nr ` ` (Multi-User site licence 


DeMons Thecror. 


gad ACTIVE FILTERS: RC Low Pass Belles Active Fater 
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